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A MONOGRAPH
OF THE

BRITISH FOSSIL CORALS.

(SECOND SERIES.)

Part II.—No. 2.

I.

—

Corals from the Upper Greensand of Haldon.

Some time after the ' Supplement to the Monograph of the Fossil Corals of the Upper

Greensand ' was pubUshed several very interesting specimens of fossil Corals were sub-

mitted to examination from the deposit at Haldon, in Devonshire.^ It was necessary to

describe them, for they had not been previously noticed, and this could not be done before

the Corals from the Red Chalk were published. The Corals from Haldon should have

been described amongst those of the Upper Greensand. It is, of course, evident that the

list of Upper Greensand species (p. 23) is incomplete.

MADBEPORARIA APOROSA.

Family—ASTR^ID^.

Sub-famili/—Eusmilin^.

Gemis—Placosmilia.

1. Placosmilia cuneiformis, Ed. and II. PI. X, figs. 1—5.

The corallum is much compressed, and deltoid in shape.

The costse are delicate, close, slightly prominent, and subcqual.

' Mr. Vicary, of Exeter, had collected the fossils himself, aud pointed out to me their siliceous condition

of fossilization.

5
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The calicinal fossa is very narrow, long, and shallow.

The septa are close, alternately thick and thin. They number (in full-sized calices) 176.

The columella is lamelliform and indistinct.

Locality. Haldon. In the Collection of William Vicary, Esq., F.G.S., Exeter.

The specimen figured in PI. X is a young corallum, and has only five cycles of septa.

Its granular costse and the peculiar striation of its septa are very characteristic.

The height of the specimen is \ inch, and the length of the calice is rather more. The

breadth is i^ths inch.

The Placosmilia hitherto described are from the Craie tufieau and the Hippurite

Chalk of Soulage and Bains de Rennes (Corbieres), Les Martigues, Uchaux, Obourg near

Mons, and Gosau.

2. Placosmilia Parkinsoni, Ed. and H. PI. X, figs. 6 and 7.

Placosmilia consobe,ina, Reuss.

The corallum is tall, compressed, conical, and slightly curved.

The costse are fine and separated by decided intercostal spaces.

The calice is subelliptical in shape.

The fossa is narrow and shallow.

The columella is feebly developed.

There are five cycles of septa, and the laminae are very unequal.

Locality. Haldon. In the Collection of Wilham Vicary, Esq., F.G.S., Exeter.

The specimen from Haldon is somewhat rolled and worn. The height is ^^o'tlis inch.

The breadth of the calice is ^^ths inch, and its length is ^^ths inch.

Placosmilia Parkinsoni has been found at Gosau, in the Corbieres, and at Uchaux.

3. Placosmilia magnifica, Duncan. PI. X, figs. 11—13.

The corallum is compressed, short, very elongate, and the calicular margin is curved

and rounded.

The calice is very long, curved, rounded at each end, compressed, very open, and

shallow.

The septa are unequal, distant, large, and curved
;
they correspond to costae of the

same size. There are five cycles of septa.

The columella is lamellar, very much developed, thick, continuous, long, and slightly

prominent in the calicular fossa.

The costa) are unequal and distant.
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The exotheca is inclined and very strongly developed.

Height of the corallum, 1^ to 1^ inch. Length of the calice, 2^ to 3-^t\\ inches.

Breadth of the calice, ^ths to 1 i^jth inch.

LocaUti/. Haldon. In the Collection of William Vicary, Esq., F.G.S., Exeter.

This fine species is strongly Placosmilian, and might be taken as the type of the

genus.

Genus—Peplosmilia.

Peplosmilia depressa, E. cle Fromentel. PI. X, figs. 8—10.

The corallum is not very tall, and shows traces of epitheca.

The calice is shallow and round.

The septa are well developed and thin. There are more than four cycles, and

probably a fifth exists in full-grown individuals.

The columella is very thin and narrow.

Height, \ inch. Breadth of calice, ^ths inch.

Locality. Haldon. In the Collection of William Vicary, Esq., F.G.S., Exeter.

M. de Fromentel, ' Pal. Fran?., Terr. Cret.,' pi. 46, fig. 1, 1863, and page 241,

states that his specimens came from the Upper Greensand of Mans.

The specimen from Haldon is fragmentary, and its columella is defective, but it is

so like M. de Fromentel's dehneation oi Peplosmilia depressa that there is no doubt about

its being of that species.

Division—AsTRiEACEiE.

Genus—Astrgcosnia .

Astroc(ENIa decaphylla, Ed. and 11. PI. XI, figs. 1—6.

This species, described by MM. Milne-Edwards and Jules Haime ('Ann. des

Sci. nat.,' 3me serie, t. x, p. 298, 1849) was subsequently named Astrcea reticulata by

D'Orbigny (1850), and was noticed as Astrocoenia magnifica by Reuss in his great work

on the Corals of Gosau (' Denkschr, dcr Wien Akad. der AVissensch.,' t. vii, p. 94, pi. ^.

figs. 4—6, 1854).

Reuss's admirable delineation of the species enables the British form to be recognised
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at once, and it even possesses the curious transverse arrangement of the vi^alls of some

calices which renders the comprehension of Reuss's sixth figure rather difficult.

The Astroc(E7ii(s have been fully considered in the ' Monograph of the Liassic Corals
'

(PaL Soc, 1867).

Astrocwnia decaphjlla is a rather variable species, on account of the preponderance or

deficiency, as the case may be, of ccenenchyma. The size of the costse is limited by the

ccenenchyma, and when this is very deficient they are almost rudimentary.

There are ten principal and ten secondary septa; the secondary are the smallest, and

do not reach the styliforra columella like the primary. They are slightly spined towards

their inner margin. The costse are small. The columella is well developed, and is

essential and styUform. The shape of the calices varies ; in some places they are

circular, and in others polygonal.

Locality. Haldon. In the Collection of WilUam Vicary, Esq., F.G.S., Exeter.

The British specimens are not to be distinguished from those of the Hippurite Chalk

of Gosau, or of the Craie tufFeau of Corbieres.

Astrocoenia decaphjlla was a very persistent form. It resembles in some of its peculiar

structures the Astrocoenias of the Lias, and a specimen from the Miocene coralliferous

strata of Jamaica^ cannot be distinguished from the form from Gosau.

Genm—Isastr^ea.

IsASTR^A Haldonensis, Dunccm. PI. XI, figs. 7 and 8.

The corallum is hemispherical.

The calices are large, irregular in size, very deep, and rather quadrangular.

The wall is thin.

The septa are crowded, small, long, and there are five cycles of them in the largest

calices.

There is a disposition to serial growth in some calices.

Diameter of the largest calices, nearly \ inch.

Localifif. Haldon. In the Collection of William Vicary, Esq., F.G.S., Exeter.

The depth and size of the calices, their thin walls, and the numerous septa, distinguish

this species, whose closest allies are Isastraa lameUosisshna, Michelin, sp., from the Craie

tufFeau of Uchaux, Isastraa Haidivgeri, Ed. and H., from the same formation at

Piesting, in the Eastern Alps, and Imdrcea tcmiistriata, M'Coy, sp., of the Inferior

Oolite.

1 Duncan, "West Indian Corals," ' Quart. Journ. Geol. Soc.,' Nov., 1863, vol. xix, page 440.
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List of Upper Greensand Corals from Haldon.

1. Placosmilia cunei/ormis, Ed. and II.

2. „ Parkinso7ii, „

3. „ ma(/nifica, Duncan.

4. Peplosmilia depressa, E. de Fronientel.

5. Astrnccenia decaphjlla, Ed. and II.

6. Isasfrcea Ilaldonensis, Duncan.

Peplosmilia Austeni, Ed. and H., and Favia stricia, Ed. and H., are also found at

Ilaldon. They have been ah-eady noticed as Upper Greensand forms.

II.

—

Corals from the Gault.

Only six well-marked species of Corals were known to MM. Milne-Edwards and

Jules Ilaime as having been found in the Gault. They were all simple or solitary forms,

and such as one would expect to find in moderately deep w'ater. It is evident that the

area occupied by the English Gault was not the Coral tract of the period. The resem-

blance of the Coral-faunas of the Gault and the London Clay is somewhat remarkable,

and probably the physical conditions of the area during the deposition of the strata were

not very dissimilar.

The following pages contain the descriptions of some species which were not known to

MM. Milne-Edwards and Jules Haime, and some notices of the most important forms

they described.

MADREPORARIA APOROSA.

Family—TURBINOLID/E.

Sub-famili/—CARYOPIIYLLINyE.

Division—Caryophylliace^.

Ge?ius—Caryophyllia.

MM. ]\Iilne-Edwards and Jules Ilaime have changed the generic term Cyathina into

that of its predecessor Caryophyllia ; consequently Cyathina Boiccrbanki, Ed. and H., is

now called CaryophyUia Boiccrbanki, Ed. and II. (' Hist. Nat. dcs Corall.,' vol. ii, p I'^V
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A very interesting variety of this species is in the Rev. T. Wiltshire's Collection, and

has its costse running obHquely to the long axis of the corallum. They are profusely

granulated (PI. XII, figs. 8, 9).

Division—Trochocyathace.e.

Genus—Thochqctathus.

1. Trochocyathus }lxK\mk^\Js, Ed. cmd H.

This species was described by MM. Milne-Edwards and Jules Haime in their' Mono-

graph of the British Fossil Corals,' Part I, p. 65. They associated it with two species,

which are, as they suggest, indistinguishable, viz. Trocliocyalhns Koenigi and Trocliocya-

tlms Warburtoni. The first of these species is the Tarhinolia Koenigi of Mantell.

An examination of a series of specimens attributed to TrochocyatTius Harveyanus, Ed.

and H., and the consideration of the value of the TrochocyafM just mentioned, have led me
to recognise five forms of Trochocyathi breves, all closely allied and well represented by

the original tj^pe of Trochocyathus Harveyanus, Ed. and H. When placed in a series with

this Trochocyathus at the head, there is a gradation of structure which prevents a

strictly specific distinction being made between the consecutive forms ; but when the

first and the last forms are compared alone, no one would hesitate to assert that there is

a specific distinction between them. All the forms are simple, short, and almost hemi-

spherical ; all have four cycles of septa, and the same proportion of pali. These are the

primary and most essential peculiarities of the genus.

The costge diff'er in their size, prominence, ornamentation, and relation to the septa in

some of the forms ; and the exsert nature of the septa, their granulation, and the size of the

corallum, also differ. The structural differences are seen in many examples, and are

therefore more or less persistent ; nevertheless it is found that, whilst several specimens

have the septa springing from intercostal spaces instead of from the ends of the costae, one

or more, having all the other common structural peculiarities, present septa arising from

the costal ends. This method of origin can hardly constitute a specific distinction. I

propose to retain Trochocyathus Harveyanus as the type of a series of forms the sum of

whose variations in structure constitutes the species.

Variety 1 (PI. XIII, figs. 1, 2).—The corallum is nearly double the size of the type ; its

septa are rather exsert, and are very granular.

The costse are very prominent, ridged, marked with numerous small pits, and are

continuous with the septa.
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The cpitlieca is waved and well developed. The spaces between the larger costce arc

Locality. Gault, Folkestone. In the British Museum.

Variety 2 (PI. XIII, figs. 3, 4).—The corallum is as large as that of variety 1, but it

is more conical.

The costac are less pronounced, and the septa, which are more granular than those ot

variety 1, arise from the intercostal spaces. The costal ends are very elegant in shape,

and form a margin of rather sharp curves, side by side.

Locality. Gault, Folkestone. In the British Museum.

Variety 3 (PI. XII, figs. 1, 3, 4; and PI. XIII, fig. 13).—The corallum is rather fiat,

but hemispherical.

The septa are not exsert, and they arise from the costal ends.

The costae are equal ; none are more prominent than others. They are all rather

broad, flat, and beautifully ornamented with diverging curved lines. Their free ends arc

equal and curved.

Locality. Gault, Folkestone. In the Collection of the Rev. T. Wiltshire, F.G.S.

Variety 4.—The corallum and costas are like Variety 3, but the septa arise from the

intercostal spaces.

Locality. Gault, Folkestone. In the Collection of the Rev. T. Wiltshire, F.G.S.

Variety 5 (PI. XII, fig. 2).—The corallum is rather more conical iuferiorly than m
Varieties 3 and 4.

The septa are exsert, and project slightly beyond the costal margin.

The costse are all rudimentary.

The epitheca is well developed, and reaches up to the septa.

Locality. Gault, Folkestone.

The forms may be distinguished as follows

:

more or less angular.

The peduncle is large.

With nearly equal flat costse

Costac rudimentary

With more or less ridged costae

Variety 5.

The type.

Septa arising from the costal ends

Septa arising from the intercostal spaces
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All the forms have four cycles of septa and pali before the first, second, and third

orders.

An ill-developed and monstrous form is shown in PI. XIV, figs. 1— 5.

2. Trochocyathus Wiltshiuei, Duncan. PI. XIV, figs. 10—12.

The corallum is straight, conical, and either cylindrical above or compressed. Its

base presents the trace of a peduncle for attachment.

The epitheca is scanty and in transverse masses.

The costae are distinct and subequal.

The calice is very open and rather deep.

The septa are unequal, hardly exsert, and broad at the margin of the calice. There

are four cycles of septa, and six systems.

The pali are large, and are placed before all the cycles except the last.

The columella is rudimentary.

Height, i^ths inch. Breadth of calice, i^ths inch.

Local'dij. Gfault, Folkestone. In the Museum of the Royal School of Mines, and

m the Collection of the Rev. T. Wiltshire, F.G.S.

This species is closely allied to Trocliocyathus conuhis, Phillips, sp. The compressed

caUce, the rudimentary columella, and the shape of the corallum, distinguish the new

species from Trochocyathus conulus.

Genus—Leptocyathus.

1. Leptocyathus gracilis, Duncan. figs. 5—8.

The corallum is small, flat, and circular in outjiu^^-

The costae are very prominent, and join exsert septa. The primary and secondary

costse arc very distinct, and the 'c^^(Mless so. All the costae unite centrally at the base.

Many are slightly curved.

The septa are thick externally, veryt^||^i^ial, thin internally, and the largest are more

exsert than the others. There are six systems and four cycles of septa.

The pali are small and exist before all the septa.

The colvnnella is very rudimentary.

The calicular fossa is rather wide and shallow.

Height, hardly yo^I^ inch. Breadth, -^-oths inch.

Locality. Gault, Folkestone. In the British Museum.

This species is very closely allied to Leptocyathus eleyans, Ed. and H., of tlie Loudon
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Clay. Leptocyaihus eleganah.^^ not a flat base, and it has very granular septa. Moreover,

its costaB are large and small in sets. Nevertheless the alliance is of the closest kind.

Genus—Bathtcyathus.

MM. Milne-Edwards and Jules Haime described a species of this genus in their

' Monograph of the British Fossil Corals,' Part I, pp. 67, 08. Two specimens in the

Collection of Rev. T. Wiltshire present all the appearances recognised by those distinguished

authors. The costae are very granular, and not in a simple row. In one specimen the

breadth of the base is very great (PI. XII, figs. 5—7).

Family—TURBINOLIDiE.

Sub-Family—Tdrbinolin/E .

Division—Tubinoliace^.

Genus—Smilotrociius .

Some species of this genus were described amongst the Corals from the Upper Green-

sand,^ and one Avas noticed as belonging to this geological horizon which should have

been included with the Lower Greensand forms.

The Upper Greensand Smilotrochi are

—

Smilotrochus tuberosus, Ed. and H.

„ elongatus, Duncan.

,, anr/ulatus.

There are four species of the genus found in the Gault, which are all closely allied.

One of them cannot be distinguished ^ from Smilotrochus elongatus of the Upper

Greensand.

The specimens of this species found in the Upper Greensand are invariably worn and

rolled, and are generally in the form of casts ; but in the Gault the structural details ar(

well preserved, and even the lateral spines on the septa arc distinct.

The Gault forms are shorter and more cylindro-conical and curved than those from the

Upper Greensand.

> See ante, p. 19.

6
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The species of tlie genus Sjiiilotrochus from the Gault are as fohows :

1. Smilotrochus elongatus, Duncan.

cylindricus, „

granulatus, „

„ insignis, „

\. Smilotrochus elongatus, Duncan. PI. XII, figs. 10—16; PI. XIII, figs. 10—12;

and PL XIV, figs. 13—15.

This species is described at page 19 of the first number of this Part, and is figured in

PI. VII, figs. 1—6.

Locality. Folkestone, In the Collection of the Royal School of Mines.

The lateral spines of the septa are very well marked, and the costee are equal in size in

this species. Its septal number varies, on account of the very late perfection of the fourth

cycle of septa.

•J. Smilotrochus cylindricus, Duncan. PL XIV, fig. IG.

The corallum is small, cylindrical, nearly straight, and has a truncated base.

The costae are equal, very distinct above, and rudimentary below and in the middle.

They are marked with a few large granules in one series.

The septa are subequal, very exsert, thin, close, and marked with large granules,

few in number. The septa are in six systems, and there are three cycles.

Height, -njths inch. Greatest breadth, rather less than i^ths inch.

Locality. Gault, Folkestone. In the Collection of the Rev. T. Wiltshire, F.G.S.

3. Smilotrochus granulatus, Duncan. PL XIV, fig. 17.

The corallum is conico-cylindrical in shape, and has a more or less truncated base.

The costse are subequal, prominent, very granular, and distinct superiorly.

The septa are subequal, thick, and very granular. The septa are in six systems, and

there are three cycles.

Height, i^ths inch. Breadth, ^-ths inch.

Locality. Gault, Folkestone. In the Collection of the Rev. T. Wiltshire, F.G.S.
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4. Smilotrochus insignis, Biincan. PI. XII, fig. 17 ; and PI. XIV, fig. 18.

The corallura is trochoid, short, and has a wide caHce, and a conical and ronndcd

base.

The calice is circular in outline; the fossa is deep and small, and the septa are widi-,

exsert, curved above, and so marked with one row of granules that their free margin

appears to be spined. There are three cycles of septa, and the orders are nearly equal as

regards size.

The costae are large, prominent, broad at their base, and are marked with one row of

granules on the free surface.

Height, T^ths inch. Breadth of calice, i^ths inch.

Locality. Gault, Folkestone. In the Collection of the Rev, T. Wiltshire, F.G.S.

An analysis of the genus will be fovmd after the description of the species from the

Lower Greensand.

There is a compound or aggregate Madreporarian found in the Gault of Folkestone.

It has much endotheca, and resembles worn specimens of the AA'ell-known Ilolocysfm

clegans of the Lower Greensand. The specimens are not sufficiently well preserved for

indentification with any genus.

T'flw^yj/—FUNGIDtE.

Sub-family—Fu n g i n .

Genus—Micrabacia.

I. Micrabacia Fittoni, Duncan. PI. XIV, figs, fi— 9.

The corallum is nearly hemispherical in shape. Its base is flat, and extends beyond

the origin of the septa in a sharp and uninverted margin. The breadth of the base exceeds

the height of the corallum.

The costae are flat, straight, convex externally at the calicular margin, and equal.

The septa are unequal, nuu h smaller than the costan. There are four cycles of sei)ta,

in six systems.

The synapticulae between the septa are large.

Height, ^Q-ths. Breadth, nearly \ inch.

Locality. Gault, Folkestone. In the Collection of the Rev. T. Wiltshire, F.G.S.
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The flat base, the flat costae, and the limitation of the septal number to four cycles,

distinguish this species from Micrabacia coromla^ of the Upper Greensand, and from

Micrabacia Beaumontii^, Ed. and H., of the Neocomian.

List of New Species from the Gault.

Variety of Caryophyllia Boioerbanki, Ed. and H.

Five varieties of Trochocyatlms Harvei/anus, Ed. and H.

Trochocyathus WiltsJdrei, Duncan.

Leptocyathus gracilis, „

Smilotrochus elonyatiis, „

„ granulatus, „

„ insiynis, ,,

„ cylindricus, „

Micrabacia Fittoni, „

III.

—

List of Species from the Gault.

1. Caryophyllia Bowerbanki, Ed. and H., and one variety.

2. Trochocyathus conulus, Phillips, sp.

3. „ Wiltshirei, Duncan.

4. ,, Harveyanus, Ed. and H., and five varieties.

5. Bathycyathus Sowerbyi, Ed. and H.

6. Leptocyathus gracilis, Duncan.

7. Cyclocyathus Fittoni, Ed. and H.

8. Smilotrochus clongatus, Duncan.^

9. granidatus, „

10. „ cylindricus, „

11. „ insignis, „

12. Trochosmilia sulcata, Ed. and H.

13. Micrabacia Fittoni, Duncan.

> ' Hist. Nat, des Coral.,' vol. iii, p. 30.

2 Ibid., p. 30.

3 Common to the Gault and Upper Greensand.
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IV.

—

Corals from the Lower Greensand.

One species of Coral was described by MM. Milne-Edwards and Jules Ilaime from the

Lower Greensand, in their ' Monograph of the British Fossil Corals.'

Fitton had noticed a compound Coral in the Lower Greensand, and named it Astraa

in his "Essay on the Strata below the Chalk," * Gcol. Trans.,' 2nd series, vol. iv, p. 352,

1843. In 1847 he called the species AstrcBa elegans, and Lonsdale separated it from the

xistraidcB under the name Cyathophora ? elegans in 1849 (' Quart. Journ. Geol. Soc.,'

vol. V, pt. 1, p. 83, pi. iv, figs. 12, 15, 1849).

MM. Milne-Edwards and Jules Haime recognised the quadrate arrangement of the

septa of this species, and classified it amongst the Bugosa, in the family Staurida. Their

Ilolocgstis elegmis, Fitton, sp., is a very good species, and specimens are found varying in

the size of the corallum and of the calices.

Since the pubhcation of their ' Monograph on the British Fossil Corals,' MM. Milne-

Edwards and Jules Haiuae have named a species from Farringdon Smilotrochus Austeni

{' Hist. Nat. des Corall.,' vol. ii, p. 71). I have noticed it inadvertently in my description

of the Upper Greensand Corals, p. 19, and PI. VII, fig. 12. In order to complete this

part it is introduced here again.

Family—TURBINOLIDJE.

Division TuRBlNOLIACEiE.

Genus—Smilotrochus.

1. Smilotrochus Austem, £d. and 11. PI. VII, fig. 12.

The corallum is regularly cuneiform, very much compressed below, and slightly

elongate.

^ The following authors have written upon the Fossil Corals of the Gault

;

MM. Milne-Edwards and Jules Ilaime, ' ^louograph of the British Fossil Corals ;' Pal. Soc.

,, ,,
' Hist. Nat des Coralliaires.'

Phillips, ' lUust. of Geol. of Yorkshire.'

Mantell's ' Geol. of Sussex,' Lonsdale in.

Fleming, ' British Animals.'

The authors who have written upon the Corals of the Lower Greensand are

—

MM. Milne-Edwards and Jules Ilaime, opp. citt.

Fitton, 'Quart. Journ. Geol. Soc.,' vol. iii, p. 296, 1847.

Lonsdale, 'Quart. Journ. Geol. Soc.,' vol. v, p. 83.

M. de Fromeutel has paid especial attention to the French Neocomian Corals ; and C. J. Meyer.

Esq., F.G.S., has enabled me to study the most interesting species in bis collection.
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The calice is elliptical ; the summit of the larger axis is rounded.

Forty-eight costae, subequal, straight, fine, and granular.

Height of the corallura, about ^rd inch.

Locality. Farringdon.

MM. Milne-Edwards and Jules Haime do not mention where their specimen is

deposited. Mr. Vicary, of Exeter, has a fine specimen of this Coral.

The genus Smilotrochus has become of some importance in the palaeontology of the

Cretaceous rocks. The species are distributed as follows in Great Britain :

Smilotrochus tuberosus, Ed. and H."]

„ elongatm, Duncan >-Uppcr Greensand.

„ nnffulatiis, ,,

„ elou(/atus^ „

,, fjrcmulatus, „

insiynis, ,,

„ cylindricus, „

Austeni, Ed. and H. Lower Greensand.

Smilotrochus elonyatiis, Duncan, is found in the Gault and Upper Greensand.

Smilotrochus Hayenowi, Ed. and H., is a fossil from the Maestricht Chalk (Ed. and H.,

'Hist. Nat. des Corall.,' vol. ii, p. 71). Smilotrochus irregularis, E. de Fromentel, is a

small cornute form, with rounded primary costal and rather an open calice ; it is from the

Chalk (' Pal. Franc.,' tome viii, livraison 4, Zooph., pi. ix).

Suh-family—Caryophyllin^.

JDivision—Caryophylliaceji.

Genus—Brachycyathus.

1. BiiACiucYATHUs Orbignyanus, Ed. and II. PI. XV, figs. 8, 9.

The corallura is very short.

The costse are indistinct.

The septa are long, very slightly exsert, granulated from below upwards, and there

are four cycles in six systems. The primary and secondary septa are equal. The

tertiary are a little longer than those of the fourth cycle. All are thin and straight.

The pali are like continuations of the tertiary septa before which they are placed.

They are granular.

Height, ^th inch. Breadth, i%tlis inch.

j

Gault.
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Locality. East Shalford, Surrey. Base of tlic Lower Grccnsaiul ; I'ouiul with

Ceriihiuui Keocomensc, D'Orb.
;
Exogyra subjjlicata, Tqm. ; Area Raidini, Leyiu. ; Terc-

hralula sella, Sow. Li the Collection of C. J. A. Meyer, Esq., F.G.S.

The specimen upon which the genus was founded was found in tiie Neoconiian forma-

tion of the Hautes Alpes, at St. Julien, Beauchene. I have added to the original descrip-

tion, as some portions of the English specimen are better preserved than the type.

Famij.y—ASTRtEIDtL.

Suh-fam ily—E u s .m i i, in .i;

.

Division—Tiio cuo sm i lt ace.e .

Genus—T uoc 1 1 osm il ia .

Trochosmilia Meyeri, Bvncaii. PL XV, figs. 1—7.

The corallum is small, cylindrical or cyHndro-conical. Its base may be wide or very

small, and was adherent.

The epitheca is complete.

The costae are very small, and are occasionally seen where the epitheca is worn.

The calice is rather deep.

The septa are crowded, unequal, spined near the axis, and form six systems. There

are four cycles of septa.

The calice is usually circular in outline, but it is occasionally compressed.

The axial space is small.

The endotheca is very scanty.

Height, ^^^ths inch. Greatest breadth, -^oths inch.

Variety.—The corallum is short, broad, cylindrical, slightly constricted centrally, ;ind

has a broad base.

Height, -^y-ths inch. Breadth, ./yths inch.

Locality. Bargate Stone
;

upper division of the Lower Greensand. Guildford,

Surrey. Found with AvicuJa jJedinata, Sow. In the Collection of C. J. A. Meyer,

Esq., F.G.S.

These small Trochosmilia are common in the Bargate Stone, where they were

discovered by Mr. Meyer, from whom I have obtained the names of the associated fossils.

The presence of epitheca would apparently necessitate these fossils being placed in a new

genus, but, after a careful examination of the bearings of the absence or presence of
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epithecal structures upon the natural classification of simple Corals, I do not think the

point sufficiently important to bring about the separation of Mr. Meyer's little Corals

from the Troc/iosmilia. They form [i. e. the type and the variety) a sub-genus of the

TrochosmilicB.

Sub-fam ily—Astr^in^ .

Division—AsTRiEACE^.

Genus—Isastu^a.

IsASTR^A MoRRisii, Bimcttn. PI. XV, figs. 10—12.

The corallum is flat and very short. The corallites are unequal, and usually five-

sided.

There is no columella.

The wall is thin.

The septa are slender, unequal, and most of them reach far inwards. There are in

the perfect caHces three cycles of septa in six systems. Usually some of the septa of the

third cycle are wanting.

Breadth of a calice, rather more than y^th inch.

Locality. Bargate Stone, Guildford, Surrey ; with Terebratella Fittoni, Meyer. In

the Collection of C. J. A. Meyer, Esq., F.G.S.

This small Isastraa is usually found as a cast, and the restored drawing is taken from

an impression. The central circular stmcture is due to fossilization.

The species is closely allied to Isastraa Guettardana,'EA. and H., of the Lower Chalk

of Uchaux.

Family—¥^:l^Gl'DM.

Sub-family—Lophoseri NiE

.

Genns—Turbinoserts.

Genus nov.—Turbtnoseris. The corallum is simple, more or less turbinate, or

constricted midway between the base and calice. The base is either broad and adherent,

or small and free.
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There is no cpitheca, and the costa; arc distinct.

There is no coknnclla, and the septa iniite Uterally, and are very numerous. .

TuRBiNosERis De-Fromenteli, JJujiccm. Pi. XV, figs. 13— 18.

The coralluin is tall, and more or less cylindro-turbinate.

The cahce is shallow, and circular in outline.

The septa arc very numerous, long, thin, straight, and many unite laterally with longer

ones. There are 120 septa, and the cyclical arrangement is confused.

The synapticulse are well developed.

There is no columella, and the longest septa reach across the axial space.

The costae arc well developed, and often are not continuous with the septal ends.

Height, 1 i^otlis inch. Breadth of calice, l-njt^s inch.

Variefi/.—With a constricted wall and large base.

• Localitij. Atherfield, in the Lower Greensand. Li the Collection of the Royal School

of Mines.

The necessity for forming a new genus for this species is obvious. It is the neighbour

of Trochoseris in the sub-family of the Lophoserina. This last genus has a columella,

and the new one has none.

The species has not been hitherto described, but it has been familiarly known as a

Montlivallia ; but the synapticula3 between the septa and costa3 determine the form to

belong to the FwngiclcB.

V.

—

List of New Species from the Lower Greensand.

1. BrachycyatliKS Orhignyanus, Ed. and H.

2. TrochosmUia Meyeri, Duncan.

3. Isadran Morrisii, „

4. Tnrbinoseris De-Fromenfeli, ,,

VI.

—

List of the Species from the Lower Greensand.

1. Jlrac//ycyaf/ii(s Or6iynya}?us, Ed. and H.

2. Siiiilolrochus Austeni, Ed. and H.

3. TrocJiosiiiilia Meyeri, Duncan.

4. Jsas/rcpa Morrisii,
,,

5. Tnrbinoseris De-Froi)ionleli, ,,

G. llolocyalis elcyans, Lonsdale, sp.

7
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VIL

—

List of the Species from the Cretaceous Formations.

A. Upper and Lotcer White Chalk.

1. Caryophyllia cylindracea, Reuss, sp.

2. „ Lonsdalei, Duncan.

3. „ Tennanti, „

4. Onchotrochtis serpentiniis, „

5. Trochosmilia laxa, Ed. and H., sp., and three varieties.

6. „ cornucopice, Duncan.

7. „ WiltsUrei,

8. „ Woodwardi, „

9. „ granulata, „

10. cylindrica, „

11. Parasmilia centralis. Mantel), sp., and two varieties.

12. cylindrica, Ed. and H.

13. „ Fittoni,

14. „ serpentina, „

15. „ monilis, Duncan.

16. (jranulata, ,,

17. Biblasns Gravensis, Lonsdale.

18. Synhelia Sharpeana, Ed. and H.

19. StephanophyUia Boiverbanlci, Ed. and H.

B. Upper Greensand.

20. Onchotrochus Carteri, Duncan.

21. Smilotrochus tuberosiis, Ed. and H.

22. „ elonyafas, Duncan.

23. anyulatus, „

24. Peplosmilia Austeni, Ed. and H.

25. Cyathophora inonticularia, D'Orbigny.

26. Favia stricta, Ed. and H.

27. „ min/itixsiiua, Duncan.

28. Thamna.slra(( .viprrpo^ita, Michelin.

29. Micrahacia coronula, Goldfuss, sp.

30. Placosmilia cnneiforwis, Ed. and H.

31. Farkinsoni, „

32. „ maynifica, Duncan.

33. PeplosinUia depressa, E. de Eromentel.

34. Astrocoinia decaphylla, Ed. and H.

35. Isastraa Haldonensis, Duncan.
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c. Red Chalk of Hunstanton.

30. C^clolites poli/morpha, GoXi^hn?,, 's,\i.

37. Podoseris mammiliformis, Duncan.

3S. „ eIo7if/ata, „

39. Micrabacia coronula, Goldfuss, sp., and variety.

D. Gault.

40. Carophyllia Boioerbanici, Ed. and H., and a variety.

41. Trocliocyathm conuJus, Phillips, sp.

42. „ Wilfshirei, Duncan.

43. „ Harvei/anus, Ed. and H., and five varieties.

44. Balhycyatlms Sowerbp, Ed. and IT.

45. Leptocyatkus gracilis, Duncan.

46. Cyclocyathus Fittoni, Ed. and H.

47. Smiloirochus elonyatus, Duncan.

48. „ yranulatus, „

49. „ insignis, „

50. „ cylindricus „

51. Trochosmilia sulcata, Ed. and H.

53. Micrabacia Fittoni, Duncan.

E. Lower Greensand.

53. Brachycyathus Orbignyanus, Ed. and H.

54. Smiloirochus Austeni, „

55. Trochosmilia Meyeri, Duncan.

56. Isastraa Morrisii, „

57. Turbinoseris De-Fromenteli, Duncan.

58. Holocystis elegaris, Lonsdale, sp.

Micrabacia coronula is common to the Upper Greensand and the Red Chalk.

Smilotrochus elonyaius is found in the Gault and in the Upper Greensand.

The number of species of Madreporaria in the Britisli Cretaceous formations is

therefore fifty-six.

MM. Milne-Edwards and Jules Ilainic had described twenty-three species before this
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series was commenced. Of these I have ventured to suppress Parasmilia ManteUi,

Trochocyathus Koenigi, and Trochojcyathns Warbnrtoni.

The Coral-fauna of the British area was by no means well developed or rich in genera

during the long period during which the Cretaceous sediments were being deposited. The

Coral tracts of the early part of the period were on the areas now occupied by the Alpine

Neocomian strata, and those of the middle portion of the period were where the Lower Chalk

is developed at Gosau, Uchaux, and Martigues.

There are no traces of any Coral reefs or atolls in the British Cretaceous area, and its

Corals were of a kind whose representatives for the most part live at a depth of from 5 to

000 fathoms.





PLATE X.

CORALS FROM THE UPPER GREENSAND OF HALDON.

Tig,

1. The corallum of Placosmilia ciineiformis^ Ed. and H. (P. 27 )

2. Part of a septum, magnified.

3. The costse, magnified.

4. ObHque view of the costae, magnified.

5. The caUce, magnified.

6. The corallum Placosmilia Parkinsoni, Ed. and H. (P. 28.)

7. The calice, magnified.

8. The corallum of Peplosmilia depressa, E. de From. (P. 29.)

9. The costae, magnified.

10. The calice, magnified.

12. [-The corallum of Placosmilia ma(jnijica, Duncan. (P. 28.)

13.;
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PLATE XI.

Fig.

1. The corallum oi Astroccenia dccaphylla, Ed. and H. (P. 29.)

2. The same, magnified.

3. The upper part of a cahce, magnified.

4. The corallum of a variety.

5. The upper part of a calice, magnified.

6. The corallum, magnified.

iThe corallum and cahces of Isasfran BaUlonensis, Duncan. (P. 30 )

8. J
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PLATE Xn.

CORALS FROM THE GAULT.

Fig.

2'

J- Varieties of Trochocyathus Harveyanus, Ed. and H. (P- 33.)

3. Magnified view of the ends of the costse of one of the varieties.

4. A longitudinal section of a variety, slightly magnified.

5. A variety of Bathycyathus Soiverbyi, Ed. and H. (P. 35.)

6. Its costse, magnified.

7. The corallum of Bathycyathus Sowerbyi, Ed. and H. (P. 35.)

8. A variety of Caryophyllia Bowerhanki, Ed. and H. (P. 32.)

9. Its costae, magnified.

10 to 16. Views of Smilotrochus elonyatus, Duncan. (P. 36.)

12. Costae, magnified.

14. The calice of a young specimen, magnified.

16. The costge, magnified.

17. Cov?L\\\im o{ Smilotrochus insiynis,V>\\nc?ix\. (P. 37.)









PLATE XIII.

CORALS FROM THE GAULT.

Fig.

1 . A variety of Trochocijathus Harveyanus, Ed. and H. The base. (P. 32 and 33.)

2. Costse and septa, magnified.

3. A variety of the same species.

4. Costse and septa, magnified.

13. A transverse section, magnified.

5. Leptocyathus gracilis, Duncan. Under surface. (P. 34.)

6. The under surface or base, magnified.

7. A transverse section, magnified.

8. A side view, magnified.

9. Smilotrochus insignis, Duncan. (P. 37.)

11. ,Young of Smilotrochus elonyatus, Duncan. (P. 36.)
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PLATE XIV.

CORALS FROM THE GAULT.

Fig.

Abnormal form of Trochocyathus Harveyanus, Ed. and H. (P. 34.)

5j

6. Base of Micrabacia Fittoni, Duncan. (P. 37.)

7. The same, magnified.

8. Side view of the corallum, magnified.

9. Junction of septa and costae, magnified.

10. Corallum of Trochocyathus Wiltshirei, Duncan. (P. 34.)

1 1 . Magnified view.

12. The calice, magnified.

13. Smilotrochus elonyatus, Duncan. Adult form. (P. 36.)

14. The same, magnified.

15. The calice, magnified.

16. Smilotrochus cylindricus, DwncdiXy. Corallum, magnified. (P. 36.)

17. Smilotrochus yramlatus, Duncan. Corallum, magnified. (P. 36.)

18. Smilotrochus i^isiynis, Duncan. Corallum, magnified. (P. 37.)
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PLATE XV.

CORALS FROM THE LOWER GREENSAND.

Fig.

2. /Corallites of Troehosmilia Meyeri, Duncan. (P. 41.)

3. J

^'
^Calices, magnified.

5. (

^

6. Variety with broad base.

7. Its calice, magnified.

8. Part of the corallum of Brachycyathm Orbignyanus, Ed. and H. (P. 40.)

9. Longitudinal view of the septa and pah, magnified. The notch indicates the

commencement of pali attached to tertiary septa.

10. Corallum (cast) of Isasfraa Morrisii, Duncan. (P. 42.)

11. The cast, magnified.

12. Impression, magnified.

13. The corallum of Turbinoseris De-Promenteli, Duncan. (P. 43.)

14. A variety.

15. Synapticulse and septa, magnified.

16. Calice, size of life.

17. Costae, magnified.

18. The unusual appearance of septa endmg in intercostal spaces, magnified.
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Tlie pores are scarcely bigeminal near the sinntnit. The primary tubercles arc

numerous, nearly uniform in size, and closely set together ; the mouth-opening is very

small, and lies in a deep depression.

Pseudodiadenia variolare has the test in general more depressed, the base wider, and

the pores more distinctly bigeminal in the upper fourth of the zones ; the base is wider,

more convex, and less contracted than in Ps. Brongniarti.

Locality and Straiigrapldcal Position.—Pseudodiadema Brongniarti has been col-

lected from the Grey Chalk near Folkestone, from which stratum all the large fine speci-

mens in the British Museum, and those in the Rev. T. Wiltshire's cabinet figured in

this Monograph, have been obtained. The Red Chalk of Hunstanton Cliff has yielded

a few examples, two of which, from Mr. Rose's and the Rev. T. Wiltshire's collections,

are figured in PI. XXI b. Forms referred to this species ha\e been collected from

the Chalk-marl of Maiden Bradley, Dorset, and the Chloritic Marl, Somerset.

Foreign Localities.—Professor Pictet, of Geneva, kindly gave me several type speci-

mens of this Urchin collected from the Gault of the Perte du Rhone (Ain), which so much

resemble Professor Agassiz's figures of this species from the same locality that my speci-

mens might have been the originals of the drawings in his ' Echinodcrmes foss. de la

Suisse.' It is found likewise at Escragnolle (Var), Montagne des Fis (Savoie), where it is

an abundant fossil in the fitage Albien or the Gault. .M. Desor, in addition to these

localities, gives Clar and 'La Presta, as places Avhere this species is abundant.

History.—First figured by M. Al. Brongniart^ in his ' Description de la Perte du Rhone,'

imder the name Cidarites variolaris {?), as a characteristic fossil of the Craie ]\Iarneuse

;

afterwards (1S40) it was described and figured by Professor Agassiz in the ' Echinodermes

foss. de la Suisse' as Tetrngramma Brongniarti ; afterwards (IS 56) it was removed by

M. Desor into his genus Pseudodiadema, where it now remains.

Genus—Pedinopsis, Cotteaii, 1S63.

Test large, roimd, inflated, sometimes subconical. Poriferous zones wide and straight

;

the pores bigeminal throughout, forming at the upper surface and ambitus two distinct

rows, which become more blended together at the infra-marginal region, and arc distinct

at the base. Tubercles of both areas small, and nearly the same size ; summit of the

boss finely crenulated, and the n)ammillon perforated ; the tubercles disposed in regular

rows, the number varying in the different species, and always diminishing as they

approach the summit ; coronal plates long, narrow, and granular; mouth-opening large,

peristome moderately developed, circumference slightly incised, apical disc small, sub-

circular, elements feebly united, absent in the specimens known.

' 'Description geologiqtic des Environs de Paris,' troisieme edition, 1S.'53, p. 171, pi. m, fig. 9.

1.")
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This genus was established by M. Cotteau in his memoiri on ' Les Echinides

des Pyrenees/ and placed near Pseudodiadema, with which it has many affinities ; the

tubercles are crenulated and perforated, and the pores bigeminal throughout, a character

which is in part possessed by Ps. Brongniarti, variolare, &c. It has affinities with

Salmacis in the number of its pores ; in this genus, however, they are arranged in triple

oblique pairs, whilst in Pedinopsis they are regularly bigeminal throughout.

The original specimen was collected from the Neocomian strata of Aude, where it is

rare ; another of the same species has been found at Caussols (Var) ; the one which I

now figure was obtained from the Chloritic Marl near Chardstock, Somerset.

Pedinopsis Wiesti, Wright, nov. sp. PI. XIV, fig. 1 ; PI. XXIX a.

Test moderate in size, circular, inflated at the sides, convex on the upper surface, and

flat at the base ; ambulacra with two complete marginal rows and two inner incomplete

rows of tubercles ; inter-ambulacra with six rows of turbercles at the ambitus, the two

central of which are complete, and the four lateral incomplete ; tubercles nearly all of the

same size
;
pores uniformly bigeminal throughout.

Biviensions.—Height one inch ; transverse diameter one inch and seven tenths

;

mouth-opening six tenths of an inch.

Description.—This rare Urchin forms the type of a new genus, established by my friend

M. Cotteau for a similar rare species from the Neocomian of Caussols (Var). The test is

of moderate size, circular at the ambitus, inflated at the sides, convex on the upper

surface, and flattened at the base. The arabulacral areas are moderately wide, and retain

their proportional diameter throughout the area
;

they have two rows of marginal

tubercles of small size, which extend from the peristome to the disc (PI. XXIX a, fig. 1),

and are very regular both in size and arrangement ; between the base and upper surface two

other rows occupy the centre, so that this area at the ambitus is furnished with four rows

of tubercles (PL XXIX a, fig. 1 g), the two inner rows of which disappear at the lower

seventh (fig. I h) and upper third of the areas (fig. 1 d) ; the tubercles are nearly all of the

same size ; around the base of the bosses some fine granules are sparsely distributed,

which form impeifect circlets around them (PI. XXIX a, figs. 1 d, e,f,g, h). None of

the marginal rows in the specimen is complete, so that the exact number in each series

cannot be ascertained ; but as thirty can be counted in one incomplete column, six more

may be fairly estimated as wanting (fig. 1 a, b, c).

The poriferous zones are moderately wide, and very uniform in diameter throughout,

1 "Echiiiides foss. des Pyrenees," p, 16. E.xtrait du ' Congres scientifique de France,' 28" session,

tenue a Bordeaux, t. iii, pi. ix, 18(53.
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expanding, however, near the mouth, wliere an increased nundjer of holes seem ahnost

completely to encircle the peristome (fig. 1 h)
;
throughout the zones the pores are very

regularly bigeminal, and are grouped into distinct ranges, the small plates forming these

zones being beautifully dovetailed into each other (figs. 1 d, //, h) ; by this arrangement

there are from six to seven pairs of holes opposite each anibulacral plate, which gives

36 X G = 210 pairs of holes in each zone.

The inter-ainbulacral areas are rather more than double the width of the ambulacral

;

the individual plates are long and narrow, being only a little deeper than those of the

latter ; two rows of tubercles occupy the centre of the plates, and extend very regularly in

size and disposition from the peristome to the disc ; on the zonal side of this central row

a second row extends from the peristome over three fourths of the area, and between the

central row and the median suture there is another row of the same length ; in addition

to these six rows a few additional tubercles are introduced at the zonal and median sides

of the widest ambital region of the area. 1 have shown this character in figs. 1 g and It,

and the gradual disappearance of the tubercles in the upper part of the area is seen in figs.

I a and e, and in its lower part in figs. 1 h and h ; between the tubercles a number of

small granules are sparsely distributed over the surface of the plates.

The tubercles in this genus are very uniform in size and structure throughout both

areas ; the boss rises suddenly from the surface of the plate, without any areolar depres-

sion ; its summit is very finely crenulated only where it closely embraces the mammillon,

which is small, prominent, and perforated at the summit ; in the widest part of the

areas the granules form imperfect circlets around the tubercles, and an increased orna-

mentation at the ambitus and base ; at the upper surface they become more sparse in the

ambulacra (fig. 1 d), and are almost entirely absent in the inter-ambulacra (figs. 1 a, c).

The mouth-opening is nearly circular, about one third the diameter of the test (fig. d)

;

the peristome is slightly incised and unequally divided, the ambulacral being much longer

than the intcr-ambulacral lobes, allowing a wider space for the development of pedal pores

around the peristome.

The apical disc is absent, and the upper part of the test is unfortunately broken off",

so that no indication of the size or form of the disc remains imprinted on the mould.

Affinities and Differences.—The only two species of this genus at present known

are Pedijwpsis Meridanensis, Cotteau, from the Neocomian of Aude ; and F. Wicsli,

Wright, from the Chloritic Marl near Chardstock. These Urchins resemble each other

very much ; P. Meridanensis (PI. XXIX a, fig. 2^) has a greater number of tubercles

;

and they are likewise larger and more regularly disposed on the plates ; the poriferous

zones are wider, and the holes larger than in P. Wicsli. Tiie bigeminal character of the

zones, the smallness of the tubercles, and the thinness of the shell, are s})eciai characters

by which this Urchin can be readily distinguished from all other congeners.

' Copied from M. Cotteau's ' PaleoiUologie Francaisc,' pi. ll'i.s for comparison witli tlie Englisli

species.
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Locality and Straiigraphical Position.—This specimen was collected by Mr. Wiest, from

the Cliloritic Marl near Charclstock, Somerset, where it is associated with several species

of Echinidce that are characteristic of the Upper Greensand formation,

EcHiNOCYPHUs, Cotteau, 1860.

Gltphoctphus (pars), Besor, 1856.

Cyphosoma (pars), Woodward, 1857.

EcHiNOCTPHUs, Cotteau, 1860.

Test small, circular, moderatel}^ high, more or less inflated on the upper surface, very

concave at the base. Poriferous zones straight, and composed of simple pores throughout.

Ambulacral and inter-ambulacral tubercles nearly the same size in both areas, bosses

crenulated, mammillon not perforated. In many specimens the ambulacra have only one

row of tubercles instead of two, their normal number.

The inter-ambulacral plates are marked at the base with more or less well-marked

sutural and horizontal impressions. Peristome moderately large, subcircular, sunk in a

depression, and provided with sUght lobes. Apical disc unknoAvn, opening elongated

and subpentagonal, as indicated by the impression.

This genus was established to receive certain species referred by some authors to the

genus Glyphocyphus, by others to Cyphosoma. These species, according to M. Cotteau,

are distinguished from GlyiAocyphus by their imperforate tubercles, their horizontal sutural

impressions, and less solid apical disc. Their crenulated and non-perforated tubercles

bring them into near relation with certain species of Cyphosoma, as C. Belamarrei and

C. 7nay7iificum, var. sulcatum, which show at the base of their inter-ambulacral plates some

traces of sutural impressions ; but these feeble depressions, however, cannot be compared

with the deep horizontal grooves that characterize Echinocyphiis, and impart to the few

species composing this group the physiognomy of Glyphocypjhus, with which M. Desor

placed them.

EcHiNOOYPHUS DiFFiciLis, Ayass. PI. XXII, figs. 1 «, ^, 2 a, b, c, d, 4.

Cyphosom.v difficile, Jgass. Catal. Syst. Ectyp., Mus. Neocora., p. 12, 1840.

— — Agassiz et Desor. Catal. rais. des Echiiiid., Ann. Sc. Nat.,

3e serie, torn, vi, p. 352, 1846.

— — Bronn. Index Palseontologicus, p. 381, 1848.

DiAUEMA ROTULAiiE, McCoy. Mesozoic lladiata, Ann. of Nat. History for

December, 1848.

— Maccoyi, Forbes. Catalogue of British Fossils, Morris, 2nd ed.,

p. 76, 1854.

— KOTATUM, Forbes. Memoirs of Geological Survey, Decade V, p. 3,

1856.
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Glyphocyphus uifficilis, Desor. Synops. des fichinides foss., p. 104, IS;")/-

Cyphosoma difficile, Woodward (pars). Mem. of Geol. Survey, Appendix

to Decade V, p. 3, 1858.

Glyphocyphus difficilis, Dujurdin et Ilupe. Hist. Nat. des Zooph., Ecliinid.,

p. 513, 18G2.

EcHiNOCYPHUS difficilis, Cotteau. Pal. Frangnise, Ter. Cretace, t. vii, p. 708,

pi. 117-1, 1866.

— KOTATUs, Co^^eaw (pars). Ibid., t. vii, p. 711, pi. 1174-75.

Test small, subcircular, moderately inflated on the upper surface, flattened at the

base, concave around the mouth, and rounded at the sides
;
poriferous zones narrow,

straight, and subflexuoiis at the ambitus
;

pairs of pores in a single series ; ambulacral

areas narrow above, enlarged at the ambitus, with two rows of tubercles, one of which is

often abortive ; inter-ambulacral areas wide, having two rows of tubercles
;
plates pos-

sessing small, strongly radiated areolae, and divided by deep sutural impressions
;

apical

disc equal to the oral opening, flat, and finely granulated.

Dimensions.—Transverse diameter eight tenths of an inch
;
height four tenths of an inch.

Description.—This Urchin has long been mistaken for a Diadema, and is catalogued in

some lists of Upper Greensand fossils as D. rotatum. Small specimens, measuring from four

to five lines in diameter, are abundant in the Upper Greensand of Warminster, and may

readily be distinguished from Diadeinas by the sutural impressions on their plates, the

small radiating ribs on many of the large areolae, and the irregularity of the two rows of

ambulacral tubercles, one of which is often abortive. The larger and taller specimens

agree with the published mould of Professor Agassiz's type specimen Cyphosoma difficile,

to which this Urchin is now referred.

Almost all the examples I have collected from the Upper Greensand are small and

well preserved ; the few I have from the Lower Grey Chalk are larger, and show the

sculpturing of the plates better. The test is subcircular, or slightly pentagonal, mode-

rately convex on the upper surface, flattened at the base, and rounded at the border.

The poriferous zones are narrow, straight above and below, and subuudulated at the

ambitus. The pores are small, and form a single series of pairs throughout from the

mouth to the disc (fig. 2 d) ; the pairs of pores are separated horizontally by small promi-

nent ribs, more or less granular, which correspond to the poriferous plates, and are pro-

longed to the base of the tubercles. The ambulacral areas are narrow, and provided with

two rows of tubercles ; in some specimens from the Grey Chalk these rows are regular

and the tubercles of equal size, but in many specimens from the Upper Greensand,

as in figs. .2 a, b, c, d, one row becomes abortive, and the other only is developed

;

more than half the specimens that have passed through my hands have been thus

formed. The inter-ambulacral areas are wide, with two rows of tubercles a little

larger than those occupying the ambulacra; in large specimens there are ten or twelve

tubercles in each row, the number depending on the age of the individual. Between

the ambitus and peristome the areolas are well developed, and surrounded i)y
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circles of large sub-elliptical granules, that are prolonged in a radiated manner towards

the base of the mammillon (fig. 2 d). The coronal plates at their lower border are

marked by a horizontal depression, as if the lower half of the plate had been scooped out

(fig. 2 a) at the expense of a portion of the granular circle. The boss is prominent,

and its summit is marked with feeble crenulations. The mammillon is always large and

unperforated. The miliary zone is wide in its upper part, and the surface of the plates is

covered with a very fine granulation ; at the ambitus it is filled with two or three rows of

large granules, which diminish below into a single series, and take a zigzag direction

towards the peristome.

The small mouth-opening, about one third the diameter of the test, is lodged in a

concave depression (fig. 2 b). The peristome is circular, and nearly equally lobed, and

the incisions are slight.

The apical disc, which is very rarely preserved (PI. XXII, fig. 4), equals the oral

opening in size, and is flat and finely granulated ; the cordate ocular plates are rather

large, and perforated close to the ambulacra! margin ; the large ovarial plates are per-

forated, and the madreporiform body occupies the right anterior plate ; the single posterior

plate is wanting.

Afinities and Differences.—This species very much resembles Cyphosoma rotatum, Forb.,

of which it proves to be a variety ; the irregularity of the two rows of ambulacral tubercles,

one of which is often abortive, is not, according to our observations, a persistent character,

and for this reason we regard E. difficilis and E. rotatm as varieties of one form. M.

Cotteau, however, considers them distinct, and takes as a diagnostic character the single

row of tubercles in the ambulacral areas, as this difference does not appertain to age,

seeing that it is found in small as well as in large specimens. Echinocyplius difficilis,

Ag., may be confounded with GlypJiocyjjJms intermedins, Cott., which has a similar dis-

position of the ambulacral tubercles, only that they are perforated in Glyphocyphus

and unperforated in Echinocyphiis.

Locality and Stratiyraphical Position.—I have several specimens which I collected

from the hard Grey Lower Chalk near Folkestone, and numerous smaller examples from

the Upper Greensand near Warminster ; from the latter formation a very large specimen

was obtained, now in the cabinet of G. E. Sloper, Esq., Devizes. The late Dr. S. P.

\A'oodward states that it measures nine lines in diameter, and four and a half in height

;

l)oth rows of ambulacral areas are well developed, and the miliary granules form a

prominent framework to the tubercles.

In France, M. Cotteau records this species from the Etage Cenomanien of Vellclaire

(Haute-Saone), and Presagny (Eure), where it is rare.

History.—First catalogued as Biadema rottdare, Ag., from Durdle Door, Dorset, by

Prof. McCoy, in his ' Mesozoic Radiata,' in 1848, and afterwards by Prof. E. Forbes, as

Biadema rotatum, from the U{)per Greensand of Warminster, in the second edition

of the ' Catalogue of British Fossils.'
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EcHiNOCYnius MESPiLiA, Woodward. PI. XXH, figs. 3 a, h, c, d.

Cyphosoma MESPILIA, Woodward. App. DecaJe V, Mem. of the Geol. Survey,

p. 3, 1856.

Test small, circular, inflated or depressed, convex above and below, with subequal

apertures
;
poriferous zones straight, simple, pairs of pores very oblique ; tubercles nearly

equal, j)rominent, imperforate and crenulated ; areolae small, radiated, with elongated

miliary granules, sutural impressions slight ; inter-ambulacra wide, with two rows of

tubercles, seven to eight in each ; ambulacra narrow, with seven to eight tubercles, alter-

nate, and irregular.

Dimensions.—Height three lines ; transverse diameter five lines.

Description.—This species was discovered by my late friend, Dr. S. P. Woodward,

who found it in the Lower Hard White Chalk along with Cyphosoma simplex, Forb., and

Salenia granulosa, Forb. It is a pretty little Urchin, with inflated sides ; the test is nearly

convex above and below, the poriferous zones are straight and simple, the unigeminal

pores are very oblique, the ambulacral areas are narrow, and the tubercles, seven or eight

in number, are alternate and irregular (fig. 3), one of the rows being partially abortive.

The inter-ambulacral areas are wide, and have two rows of prominent tnbercles, seven to

eight in each row (fig. 3), which occupy the centre of the plates, and are surrounded by

small radiated areolae, formed by an oblique arrangement of the elongated granules

thereon, and imparting an ornamented character to the test. The mouth-opening is more

than one third of the diameter of the test, the peristome is nearly equally lobed, and the

incisions are wide and deep. The discal opening is larger than the oral in diameter.

Affinities and Differences.—This Urchin very much resembes E. dijficUis ; it lias,

however, a more inflated test, with stronger radii on the areolae, and larger oral and discal

apertures. Its author considered it " a very distinct species," and called my especial

attention to it. A careful comparison of the accurate figures of both species drawn on

PI. XXII will enable the student to appreciate the affinities and differences between tiiem

better than any description, however elaborate.

Locality and Sfratiyraphical Position.—E. mespilia has been collected only from the

Lower Chalk, in the hard beds of which it has been found, associated with Cyphosoma

simplex and Salenia granulosa. The only specimens I have seen arc in the British

Museum.



120 GLYPHOCYPHUS

Genus—Glyphocyphus, Haime, 1853.

Arbacia (pars), Agassiz, 183fi.

EcHiNOPSis (p.irs), Agassiz, 1&46.

Hemidiadema, Agassiz, 1846.

Temnopleura (pars), Sorignet, 1850.

Glyphocyphus, Jules Haime, ISoS.

— Desor, 1856.

— Cotteau, 1859.

The Urc'liiiis foniiing tins group have a small circular test, more or less inflated above

and concave below. The poriferous zones are straight, depressed, and composed of uni-

geminal pores throughout. The primary tubercles of both areas are nearly of the same

size. The boss, with its crenulated summit, is surrounded by a distinct areola, and sur-

mounted by a small mammillon minutely perforated at the vertex. The arabulacral and

inter-ambulacral plates are marked with sutural depressions, which are wider and deeper

on the plates of the latter areas ; the surface is covered with fine, close-set homogeneous

granules, nearly uniform in size over the whole test (PL XXIX b, figs. 1 and 2). The

apical disc is a small annidar structure, solidly united to the test, and forming a narrow,

shghtly elongated, oblong ring, composed of five ovarial and five ocular plates, articulated

alternately together on the same line around the vent aperture or periprocte (fig. 2 b).

The ovarial plates are the largest
; they have a triangular shape, with tubercles external

to the annulus, and a large hole at the apex ; the right antero-lateral plate is the largest,

and supports the madreporiform body. The rhomboidal ocular plates are wedged in

alternately on the same line with the ovarials ; and the portion external to the annulus is

covered with numerous granules. Mouth-opening is small, subcircular, and sunk in a

slight depression
;
peristome decagonal, divided into lobes by feeble incisions.

The genus Gli/phoci/phushnw^ among the Diademad^ with crenvdated and perforated

tubercles a very small group, in which the arabulacral and inter-ambulacral plates are

marked with angular impressions, and their surface covered with prominent close-set

granulations. The sohdity of the apical disc, and its firm articulation to tlie coronal

])lates, with the regularity as regards size and arrangement of the tubercles in both

areas, form an assemblage of characters which readily distinguish the small Urchins of this

group from their congeners. A considerable difference of opinion has prevailed amongst

Echinologists regarding the true characters of the forms now comprised in this genus,

arising, doubtless, from the smallness of the individuals themselves, the imperfect pre-

servation of most of the specimens, and the destruction of many of the essential structures

that distinguish them. M. Cotteau, however, had lately at his disposal a fine series of
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beautiful and perfect specimens of Glyphocijpltus radiafus, collected by the late ^I. Triger

from the Terrain Cretace of the department of the Sarthe, and from the study of these

M. Cotteau has been enabled to clear up doubts that had previously existed regarding the

structure of many of the species. This genus is nearly allied to EcUnocuphus, which

presents a similar facies of lateral impressions on the ambulacra! and inter-ambulacral

plates, but is distinguished from it by having the niammillons of the tubercles perforated,

whereas in EcMnocyplms they are imperforate. The apical disc is, likewise, solidly united

to the coronal plates in Glyphocyphus, but slenderly so in Echinocyphus. M. Agassiz

proposed the genus Ilemidiadema for Urchins differing from the Diademas in one

character, that the ambulacral areas possessed only a single row of tubercles, and cited

as the type of this group Hemidiadema niyosum, Agass., from the Upper Greensand (ICtage

Ccnomanien) of Grandprc, Ardennes, a small species having the ambulacral tubercles

as large and even larger than the inter-ambulacrals ; this Urchin, it now appears, is a true

GlypJiocypJius, with a single row of tubercles in its ambulacral areas—a character which

is only specific, and not generic, as far as we at })resent know.

The genus EcJiinopsis, Agass., in which certain species of Glyphocyphus have been

placed, consists, according to its author, of " small, subconical, inflated Urchins, with the

ambulacra nearly as large as the inter-ambulacra, and both ornamented w'ith tubercles

perforated but not crenulated. Mouth small, with feeble incisions, differing from the

Diademas by the absence of crenulations on the tubercles," To this genus was referred

Echinopsis contexta, Ag., E. latipora, Ag., E. depressa, Ag., all of which are forms of

Glyp)hocyphus radiafus and Glypticus Koninckii, Forb. Echinopsis pusilla, Roeni., and

Temnopleurus pulchellus, Coquand, must now likewise be added to the list.

Glyphocyphus radiatus, Haminyham. PI. XXIX b, figs. 1, 2, a, h, c, d, c.

ECHIXUS RADIATUS,

Echinopsis latipora,

contexta,

depressa,

Echinus radiatus,

Arbacia radiata,

Echinopsis pusilla,

Cypuosoma radiatum,

Ilaninghaus 'm Goldjuss. Petref. Germaniae, p. 12-1, tab. xl,

fig. 13, 1826.

Agassiz. Prod., Mem. Soc. Nat. des Sc. de Neufdiatel,

t. i, p. 196, 1836.

Desmoulins. Eludes sur les Ecliinides, p. 292, No. 55,

1837.

Agassiz. Catal. Syst. Ectyp. foss., Mus. Neoc, p 9, 1840.

Agassiz. Ibid.

Agassiz. Ibid.

Diijardin. In Lamarck's Anim. sans Vert., 2e ed., t. iii,

p. 371, 1810.

Roemer. Norddeutsclien Kreidegcbirges, p. 30, 1840.

Roemer. Ibid., pi. vi, fig. 10, 1840.

Agassiz et Besor. Ann. Sc. Nat., 3e scrie, t. vi, p. 3r)2.

Cat. rais. des £cbinides, 1846.

16



122 GLYPHOCYPHUS

EcniNOPSis LATiPOKA, Agassiz Desor. Ibid., p. 351, 184G.

— CONTEXTA, Agassiz et Besor. Ibid.

— DEPRESSA, Agassiz et Desor. Ibid.

— CONTEXTA, Bronn. Index Palseontologieus, p. 447, 1848.

— DEPRESSA, Bronn. Ibid.

— LATiPORA, Broun. Ibid.

— PUSILLA, Bronn. Ibid.

Arbacia radiata, Bronn. Ibid., p. 91, 1848.

Temnopleurus PULCHELLUS,)Sor?^we^. Ours, fossiles du Dep. de I'Eure, p. 31, 1850.

Glypticus Koninckii, Forbes. In Dixon's Geology of Sussex, p. 340, tab. xxv,

fig. 30, 1850.

EcHiNOPSis PUSILLA, Forbes. In Dixon, ibid., tab. xxv, tig. 31, 1850.

— — Giebel. Deutscblands Petrefacten, p. 320, 1852.

Glyphocyphus pclchellus, d'Archiac et Jules Haime. Descript. Nunimilites de I'liide,

p. 202, 1854.

EcHiNOPSis PUSILLA, Morris. Catal. of Brit. Fossils, 2nd. ed., p. 78, 1854.

— LATIPORA, Pictet. Tiaite de Paleontol., 2e ed., p. 242, 1846.

CONTEXTA, Pictet. Ibid.

— DEPRESSA, Pictet. Ibid.

— PUSILLA, Pictet. Ibid.

CyPHOSOiVIA RADIATUM, Pictet. Ibid.

Glyphocyphus radiatus, Desor. Synopsis des Echinides fossiles, p. 103, tab. xvii,

figs. 1—3, 1856.

— — Cotteau et Triyer. I3c!iinides du dep. de la Sartlie, p. 185,

pi. xxviii, figs. 7— 12, 1859.

— — Dvjardin et Ihipe. Hist. nat. desEchinod., p. 513, 1862.

Temnopleurus pulchellus, Co^Mflnrf. Gcol. et Pal. dela prov. de ConstantJue, p. 294,

1863.

Glyphocyphus radiatus, Cotteau. Paleout. Fran9., Ter. Cretace', t. vii, p. 535,

pi. 1127, 1128, 1863.

Test small, circular, inflated, subglobular, rounded at the border and concave at the

base ; ambulacra very narrow, witli two rows of tubercles, alternate, irregular. Poriferous

zones narrow, straight
;
simple pores in single obhque pairs. Inter-ambulacra with two

rows of small tubercles, areolae radiated, plates grooved at the lower border
;

apical disc

solid, forming a narrow, elongated, subpentagonal ring, having the genital and ocular

plates almost of equal length ; oculars finely granulated ; vent large, oblong.

Dimensions.—Height five twentieths of an inch ; transverse diameter eight twentieths

of an inch.

Descripiion.—This small Urchin has been a great puzzle to Palaeoutologists, as proved

by the long list of synonyms given above. The test is circular, inflated, and subglobular;

rounded at the sides, and concave towards the base (figs. 1 a, b). The ambulacral areas

(fig. 2 e), about half the width of the inter-ambulacral, have two rows of small tubercles, which

form an alternate series on each side of the area
;

they are largest at the ambitus, smaller
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at the base and upper surfiicc
;
they arc feebly developed thronfjliout, and finely perforated

at the suniniit ; the areolae arc rejjularly spaced out and placed on the border of the poriferous

zones, which are straight, slightly depressed, and formed of small round pores, disposed

in single oblique pairs throughout, from the peristome to the disc ; the pairs of pores

are separated from each other by a horizontal granular ridge of the test, which is more or

less apparent in different specimens ; in some examples one of the rows of tubercles

becomes abortive ; the surface of the area is filled in with numerous small granules, and the

audnilaeral plates are slightly marked with impressions on the line of the median suture.

The inter-ambulacral areas, fig. 2 d, are double the width of the ambulacral, and provided with

two rows of tubercles, similar in structure to, but larger in size than, those of the ambulacra;

the areolae occupy the centre of the plates, and are surrounded with a close-set granulation
;

two of the granules, elongated in a vertical direction, unite the contiguous areola?, which

imparts a moniliform character to well-preserved tests of this pretty little Urchin ; the plates

are marked with impressions more or less deep at the inner and outer angles, and on each

side of the vertical filament at the lower part of each plate (fig. 1 c, fig. 2 c).

The mouth-opening is small, situated in a slight depression, and the peristome is

delicately incised into ten unequal lobes (fig. 2 a).

The vent is large, sub-elliptical in shape, and contracted behind ; the apical disc

forms a narrow, elongated, subpentagonal ring, somewhat peculiar in its structure, for

instead of the small ocular plates being wedged in between the larger genitals, they

are arranged alternately with them on the same line, and form a strong ring around the

elliptical vent ; the genital plates are a little larger than the oculars, and have two small

tubercles (m their surface ; the oculars are covered with a fine granulation, and the

madreporiform tubercle is consjncuous by its spongy surface (fig. 2 h).

This Urchin varies much in size ; the specimens figured by Goldfuss, Desor, and

Dixon, with those I possess, are all small. M. Cotte.ui has given elaborate details of a

larger specimen found in the Department of the Sarthe, in which the characters of the test

are admirably exhibited
;
they are beautifully figured, both in his fine plates on the Echinides

of the Sarthe, and likewise in those in the ' Palcontolngie Frangaise,' some of which I have

copied in PI. XXIX b, as none of my specimens have the characters so well preserved as

in the perfect fossil test figured by my friend.

Jffi/iities and Differences.— Glyphocyijlius radiatus is so rare an Urchin in the English

Chalk that it is not likely to be mistaken for any other. It is smaller and more globular

than Eehinoeyphus dijjicilis, which it most resembles, and has the tubercles perforated, the

miliary zone wider and more granular, the disc smaller and more soliiUy united to the

coronal places than in any Echinocyphi

.

From a careful examination of the ample materials at his disposition, M. Cottcau con-

cludes that the large examples forming the type of the species represent Echinopsis

co7itexta, Ag., and exhibit natural impressions either deep and angular or linear and

attenuated. Some specimens, less inflated, and possessing a stronger development of the
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vertical filament form latijjora, Ag., and depressed examples with the median impres-

sion almost absent are E. depressa, Ag. A carefnl study of the original types has, how-

ever, convinced my learned friend that they are all varieties of one form, and not distinct

species.

Localiiy and StraUgrajjhkal Fositioti.—This species is found very rarely in the hard

beds of the Lower Chalk near Lewes, in Sussex, and in the Grey Chalk near Folkestone.

From this stratum my best specimen was collected by Captain Cockburn, R.A., to whose

kindness and liberality I am indebted for the example.

The Foreign Localities given by M. Cotteau are Villers-sur-Mer, Bruneval, Saint-

Jouin, Vaches-Noires, Dives (Calvados); Fecamp, le Havre, Rouen (Seine-Inferieure) :

Gace, La Perriere (Orne) ; Nogent-le-Bernard (Sarthe)
;

Saint-Fargeau (Yonne) ; la

Bedoule, Cassis (Bouches-du-Rhone). In all these localities it is very rare, and occurs

in the Etage Cenomanien, in the zone of Scaphites cequalis, which is the equivalent of the

English Lower Grey Chalk.

Hidory.—This species was found in the Lower Chalk of Essen and Gehrden, West-

})halia, and was first figured and described by Goldfuss in his ' Petrefacta Germanise.'

Since that time it has passed through a series of changes which are most correctly read

in the long list of synonyms introductory to this article, and to which I commend the

reader's especial attention.

Genus—Echinothuria,^ Woodioard, 1863.

" Test globular ?, diameter of compressed specimen four inches, thickness half an inch,

lantern projecting half an inch
;
com[)osed of ten segments or double series of imbricating

plates, ornamented with obscure miliary granules and small spine-bearing tubercles, a few

larger than the rest ; inter-amhulacral plates narrow, slightly curved, with the convex edge

upwards and overlapping ; the alternate plates bearing one lai-ge extero-lateral tubercle,

perforated, and surrounded by a raised ring and smooth areola
;
largest plates measuring

six lines in length, the smallest three lines or less (the longest in second specimen equal-

ling seven lines) ; ambtdacral plates seven lines long, equalling the breadth of the exposed

portion of eight plates, similar to the former, but curving and imbricating downwards

towards the dental orifice, and having two small plates, each perforated by a pair of pores,

intercalated in a notch of the middle of the lower margin ; a third pair of pores perfo-

rating the plate itself a little external to the centre ; primary tubercles few, irregularly

distributed.

1 " Etymologists need not trouble themselves about the derivation of this name ; it is intended merely to

express the dilemma in the writer's mind, arising from imperfect knowledge, butwiiich he believes to have

no foundaiion in nature."— ' Geologist,' vol. vi, p. 330.
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" Spines of three kinds ; those adhering to the phitcs minute and striated
;
fragments of

hirger spines (not certainly belonging to the species) striated, annulated, and furnished

with a prominent collar to the articular end (fig. 4) ; the third kind minute, davatc, and

truncate, articulated to a slender stalk " (fig. 5).

ECIIINOTIIURIA FLORIS, ]Voo(Iwar(l}— PI. XXIX B, figs. 3— 5.

EciUNOTiiURiA FLORis, IVoodward. ' Geologist,' vol. vi, pp. 327—330, 1863.

" The fossils represented " in PI. XXIX b " are probably only fragments of the original

structure, and possibly only the smaller and less essential portions of the whole. Never-

theless, I have determined to publish some account of them, although at the risk of

committing an extravagant error, as a last resort towards obtaining more complete ex-

amples or suggestions for their more correct interpretation.

"Both specimens have been presented to the British Museum; one by J. Wirkham

Flower, Esq., of Park Hill, Croydon, the other by the Rev. Norman Glass, of London.

"The first example was obtained, at least sixteen years ago, from the Upper Chalk of

Higham, near Rochester, and was submitted to Professor E. Forbes, in whose custody it

remained for several years. It Avas originally shown to me in connection with the

anomalous Cirripcde Loricula, then newly discovered by Mr. Wetherell. The resemblance

between them is certainly curious ; but there is no real relationship. Mr. Flower's fossil

exhibits distinct traces of the crystalline structure peculiar to petrified Echinodermata,

and the pairs of pores in the ambulacral plates are equally characteristic of the Ecliinidnc.

j\Ir. Darwin also has examined this fossil and rejected it from his province of inquiry.

" Professor Forbes could not make up his mind to describe the specimen, and ulti-

mately it was returned to Mr. Flower, with whom it remained until the publication of a

note on the genus Proto-cchimis, by Major Thomas Austin, in the 'Geologist' for 1 s()()

(vol. iii, p. 446), when it was entrusted to me for the purpose of considering whether it

had any special affinity with this new type, and for description in the same journal.

" The Proto-echinus was obtained from the Carboniferous Limestone of Hook Head,

Wexford, and is but a fragment of a single ambulacrum, consisting of three series of

plates at the wider end and two at the other extremity, with apparently a single ternn'nal

' 'On Echinofhitria Jloris, a new and anomalou.s Echinoderm from the Chalk of Kent.' By S. 1'.

Woodward, F.G.S. I have printed this paper from the ' Geologist ' entire (altering the references to

tignres), as a contrihntion to British Echinology by my late esteemed friend. Dr. Woodward took so

warm an interest in my work, and afforded me such valuable assistance, by the loan of .specimens for

figuring, that it affords me very gre.U pleasure to acknowledge here his uniform kindne.ss, and connect

his name with a .Monograp'.i to which he contributed important aid.
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plate. Each plate is perforated by a pair of pores. It differs from EcJdnofhuria in

every particular.

" The question presented to me by IMr. Elower's fossil was, whether to consider it part

of the envelope of a new kind of Holofhuria, or whether it might be no more than a fragment

of the oral disc of some great unknown Echinus. Portions of the imbricating scaly

armour of a Psolus had been met with when examining the fossils of the Boulder Clay

collected by Mr. J. Richmond, of Rothsay ; but in Psolus, while the greater part of the

body is clothed with fish-like scales, the ambulacra are only develof)ed on one side, form-

ing a creepuig disc, the scales of which are small and not imbricated. On the other hand,

the peristome of the largest know^n Echinite from the Chalk is less than an inch in

diameter ; and the largest recent Sea-urchin in the Museum has an oral disc not more

than two inches wide, whereas the fossil is a segment of a disc which must have been at

least four inches across. This objection, on the score of size, was, however, less felt,

because the Cyphosomas and Diademas of the Chalk have larger oral and apical orifices

than any other Urchins, and the character of their apical disc was unknown, being only

preserved in a few minute specimens of C. difficile, from Chute Farm. ]\Ioreover, there

were indications in the Upper Chalk of a great Biadema, of which nothing more had been

obtained than scattered plates and fragments of s[)ines. This species is referred to in

Decade V of the ' Geological Survey ' (Article " Diadema," Section C, spines tubular, annu-

lated). Mr. Wetherell obtained a mass of Chalk containing above one hundred fragments

of spines, which are hollow, striated and annulated, as in the recent B. calaniaria. From

the plates mingled with the spines we ascertained that the ambulacral pores presented

the usual characters, being arranged in single file, and a little crowded near the peristome

;

but many of the plates presented only their smooth inner surfaces. A smaller mass of

Chalk, in Mr. Wiltshire's cabinet, contains similar plates and spines, mingled with a fcAV

true scales and minute truncated spines like those of Echinofharia. The Diadema spines

were erroneously referred by Professor E. Forbes to the genus Micraster (Decade III, pi. 10,

fig. 15
;
bad, for they are not spiral). They are also figured by Dixon, in his 'Geology

of Sussex,' and described by Forbes as ''spines of a Cidaris.'' Diademas possessing spines

of this character are known to occur in the Upper Cretaceous strata of France ; and

Dr. Wright has lately obtained a small specimen from the Chloritic Marls of Dorsetshire.

In these the apical disc is quite small.

" A more serious difficulty, in comparing Mr. Flower's fossil with the oral disc of any

Echinite, was presented by the arrangement of the plates ; in the recent Echinidae

they are all directed towards the dental orifice, but here the alternate series take opposite

' dips,' the ambulacral plates overlapping one way and the others in a contrary direction.

" Last year, while I was still hesitating about the publication of Mr. Flower's fossil, a

second specimen was obtained from Charlton, in Kent, by the Rev. N. Glass, wdio has

cleared it from the matrix with great skill and patience At first sight this specimen

would seem to solve the problem, by supplying the peristome and lantern of the same
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great Cyphosoma or Diadema, of which Mr. Flower's specimen might he tlic apex or

periproct. But a closer examination confirms the objections already stated, and gives

increasing probabiUty to the other conjecture (if, indeed, it does not compel us to adopt

it), however difficult it may be to realise the notion of an Echinite having no proper

* test/ and clothed entirely with imbricating scales like those of the peristome of CidariH.

"In jNIr. Flower's specimen the imperforate plates imbricate towards the centre (or apex),

where the smaller ends of the several series converge. In Mr. Glass's specimen they slope

away from the centre (or mouth), that is, also towards the apex. The perforated or ambulacral

plates, which overlap one another outwardly (/. e. downwards) in specimen, fig. 3 a, are seen

sloping towards the dental cone and reclining upon it. The portion of an ambulacrum, fig.

5 a, consists of four plates, diminishing in size from c to «, in a line not accurately directed

towards the centre. This portion exhibits the interior surface of the plates, known by their

curved surfaces, destitute of ornamental granules; it is not, however, the oral end of one of

the segments turned over, a thing scarcely possible to happen, for in that case the dip of

the plates would be reversed ; but it must be the opposite (or apical) extremity of a series

folded back upon its origin, and exposed to view by the damage which the surface of the

specimen has sustahied. From this circumstance it seems probable that the whole fossil,

when com])lete, was not elongated, nor even spherical, but somewhat depressed in a ver-

tical direction, though doubtless admitting of a moderate amount of flexure. x\t the last

hour, after making the drawing, I ventured to clear away the chalk from the side of Mr.

Glass's fossil, near where an ambulacral segment is seen to curve as if it might be con-

tinued round to the other surface. This attempt was successful, for the ambulacrum

and also the adjacent inter-ambulacral segment were found continuous, though crowded

and displaced at the turning, falling again into regular order, and diminishing in size,

though not so nearly complete as in Mr. Flower's example.

" After this apparently conclusive demonstration, it appears desirable to give a name to

the fossil, and to attempt a short description, although its rank and affinities are to us

still nuitter of conjecture. At present it is one of those anomalous organizations which

Milne-Edwards compares to solitary stars, belonging to no constellation in particular.

The disciples of Von Baer may regard it as a ' generalised form' of Echinoderm, coming,

however, rather late in the geological day. The publication of it should be acceptable

to those who base their hopes on the ' imperfection of the geological record,' as it seems

to indicate the former existence of a family or tribe of creatures whose full history nuist

ever remain unknown."

Locality and Stratigraphical Position.—Collected from the Upper Chalk of lligham,

near Rochester. The fine specimens in the Rev. T. Wiltshire's cabinet were obtained

from the Upper Chalk at Gravescnd and Charlton.
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Genus—Cyphosoma, Agassiz, 1840.

Cyphosoma, Agassiz, 1840.

Phymosoma, Haime, 1853.

— Besor, 1858.

Cyphosoma, Cotteau, 1863.

Test moderate in size, circular or subpentagonal, slightly inflated at the sides.

Poriferous zones well developed and undulated, composed of simple pores that in

general are unigeminal throughout, and sometimes are bigeminal on the upper surface,

and crowded a little together around the peristome. The poriferous plates are un-

equal and irregular in their mode of arrangement. The primary tubercles are nearly

equal in size in both areas, the areolae are well developed, and sometimes marked with

radiated striations ; the bosses are prominent, and have their summits sharply crenu-

lated ; the mammillon is large, prominent, and imperforate, and the general facies of the

test shows a regular, and uniform development of all its several elements. The mouth-

opening is large, the peristome slightly incised, and the oral lobes nearly equal. The

discal opening is large and pentagonal, one angle of which extended far into the single

inter-ambulacrum ; the elements of the disc were feebly united, as they are absent in all

the specimens that have hitherto been collected.

The spines are long, solid, subcylindrical, aciculate, or spatuliform ; sometimes they

are straight and lanceolate, or bent, ramiform, or spoon-shaped ; all these varieties are

figured in Pis. XXIV and XXVI. The stem is smooth and marked with fine longi-

tudinal striae, the milled ring is prominent, the head distinct, and the rim of the aceta-

bulum crenulated.

The genus Cyphosoma is distinguished from all others by its prominent tubercles

with crenulated bosses, and imperforate mammillons ; in the structure of these it resembles

Echinocyphus and Temnopleuriis, but is readily distinguished from these by the absence of

the angular and sutural impressions which impart so marked a character to their tests.

M. Desor has separated into the genus Copfosoma all those Cyphosomata from the

Nummulitic formation (Tertiary) with much undulated poriferous zones, tubercles with

very large mammillons, and having the plate-sutures of the areas deeply incised ; thus

leaving the typical Cyphosomata as true Cretaceous fossils, which first appear in the

Neocomian beds, and attain their maximum development in the upper stage of the

White Chalk.

The Cretaceous rocks of Prance are very rich in species of Cyphosoma, of which a

very small proportion have hitherto been found in the British islands.
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A.

—

Species from the Lower Chalk.

Cyphosoma granulosum, Goldfuss, sp., 182G. PL XXIII, figs. 2 a, b, c, d.

cidarites granulosus,

diadema gkanueosum,

Echinus Milleri,

Echinus granulosus,

CiDARITES granulosum,

Diauema —
Cyphosoma —

— Milleri,

— Konigt,

Phymosoma granulosum,

Cyphosoma —
Phymosoma —
Cyphosoma —

Goldfuss. Petrefact. Gcrmaniae, pi. fig. p. 122, 182C.

Agassiz. Prod., Mem. Soc. des Sc. Nat. de Ncufchatel, t. i,

p. 189, 1836.

Besmoulins (pars). Etudes sur les Ecbinides, p. 294,

No. 68, 1837.

Dujardin. In Lamarck's Anim. sans Vertebres, 2e^d.,

t. hi, p. 372, 1840.

Geinitz. Charakt. der Schict. und Petref., p. 90, 1842.

Morris (pars). Catalogue of British Fossils, p. .t1, 1843.

Reuss. Verstein. der Bohra. Kreideform., p. 58, 1846.

Agassiz et Desor (pars). Catalogue rais. des Echinid.,

p. 351, 1848.

Bronn. Index Palseontologicus, p. 381, 1848.

B'Orbigny. Prod. Pal. strat., t. ii, p. 273, fit. 22, 1850.

Bronn. Lethsea Geognost., Kreide-gebirges,pl. xxix, p. 186,

1851.

Forbes. In Morris's Catalogue of British Fossils, 2nded.,

p. 75, 1854.

Desor. Synops. des Echinid. foss., p. 87, 1856.

Woodward. Mem. Geol. Surv., Dec. V, p. 1, 1857.

Ilupe. Hist. Nat. Echinod., p. 508, 1862.

Cotteau. Pal. Fran9aise, Ter. Cr6tace, t. vii, p. 685,

pi. 1169, 1865.

Test large, circular, depressed, convex on the upper surface, inflated at the sides, and

flattened below
;
poriferous zones wide and straight in the upper third, narrow and undu-

lated at the ambitus and base
;

pores largely bigeminal in the wide upper third, and

unigeminal in the rest of the zones ; ambulacra narrow above, wide below, with two rows

of large tubercles, twelve in each ; inter-ambulacra with two rows of primary tubercles in

the middle of the area, secondary tubercles wanting in young specimens, and only slightly

developed in the largest tests
;
mihary zone wide, depressed, and naked above, narrow

and graimlar below
;
mouth-opening small and circular

;
peristome with shallow entaillcs

;

discal opening large, and widely pentagonal.

Bmensions.—Height eight tenths of an inch ; transverse diameter one inch and eight

tenths.

Bescriplion.—This Urchin resembles C. K6ni(ji in so many points of structure, the

absence or rudimentary condition of the secondary tubercles excepted, that it may pro-

bably be only a variety of that species. It has, however, been treated by different sys-

17
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tematic authors as specifically distinct ; and in deference to their opinion, rather than in

accordance with ray own convictions, I have devoted this article to its description.

The test large and circular, inflated at the ambitus, convex above, and flat below

(PI. XXIII, figs. 2 a, b, c).

The ambulacral areas are enlarged at the ambitus, moderately wide at the base, and

very narrow in the upper part
;
by reason of the increased development of the poriferous

zones in this region, from the ambitus to the peristome, the tubercles are as large as

those in the inter-ambulacra, but in the upper third of the area they diminish rapidly

in size, and on the four or five coronal plates they are quite rudimentary (PI. XXIII,

fig. 2 a). The pores are arranged in oblique pairs, and are bigeminal from the ambitus

to the summit (PI. XXIII, fig. 2 c, (/), and unigeminal from the ambitus to the peristome,

the zones forming a series of crescents around the areolae of the ambulacral tubercles.

The inter-ambulacral areas have two rows of primary tubercles, twelve to thirteen in

each row, which vary gradually in size from the ambitus to both apertures
;
they are sur-

rounded by well-developed areola3, confluent at the upper and lower borders, and surrounded

by granules at the sides. The secondary tubercles are irregular, very small, and limited

to the under surface (fig. '2 b). On one or two plates above the ambitus there are only

one or two solitary tubercles, which are, however, inconstant in different specimens (fig. 2 d)

.

The miliary zone is narrow and granular at the ambitus, and wide, depressed, and naked

on the upper surface ; the granules are unequal, of different sizes, and placed in semicir-

cular groups around the lateral parts of the areolae. Many of the granules are large and

mammillated, and are nearly as large as the row of secondary tubercles, the small gramdes

being compactly fitted in between them. The coronal plates are marked by slight sutural

impressions, which become more apparent in consequence of the nudity of the depressed

upper surface of the areas.

The discal opening is very large, pentagonal, and angular ; and the shigle posterior

ovarial plate is projected far into the area (fig. 2 a). The mouth-opening is moderate in

diameter (fig. 2 b) ; the peristome is circular, and divided into ten unequal lobes by slight

incisions with reflexed borders.

Afinities and Differences.—This species differs from the typical forms of Cyphosoma

Koniyi in the absence of a regular series of secondary tubercles above the ambitus ; but

in the general character of the test and in most of its details it has close affinities with

that species. Whether the spines of this Urchin exhibit any difference from those attached

to the typical form of C. Konigi (PI. XXIV, fig. 1) remains to be determined by those who

may be fortunate enough to discover a specimen with the spines adherent to the test.

Locality and StratigrapUcal Position.—This Urchin is found in the Lower Chalk of

Kent and Sussex. The specimen figured in PI. XXIII, belonging to the British Museum,

was collected near Lewes.

Foreign Localities.—Houguemarre(Eure),Orglande(Manche), from the Etage Senonien,

where it is rare (M. Cotteau) ; the type of Goldfuss's figure was collected from the Chalk

of Westphalia.
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B.

—

Speciesfrom the Upper Chalk.

vniosoMA KoNiGi, Mantcll. PI. XXHI, figs.

XXV, fig. 3; PI. XXVI, fig. 1.

1, 2; PI. XXIV, figs. 1—7; PI.

ECHINITE.

CiDAEIS KoXIGI,

Ecnixus MiLLEiu,

ClD.\RlTES VAllIOIARIS,

Echinus Koxigi,

ClD.\RITES KoNIGI,

Echinus Konigi,

MiLLERI,

DiADEMA KoNIGI,

CXPHOSOMA MiLLERI,

DiADEMA GR.\NULOSUiM,

CtPHOSOMA MiLLERI,

ORNATISSIMU.M,

— MiLLERT,

— MAGNIFICUM,

DiADEMA Konigi,

CtPHOSOMA MiLLERI,

— ORNATISSIMUM,

— MiLLERI,

vakiolaris,

Echinus Konigi,

Cypiiosoma Konigi,

— ornatissimum

Phtmosoma Konigii,

Cypuosoma Konigi,

ornatissi.musi,

Parkinson. Organic Remains, vol. iii, pi. i, fig. 10, 1811.

Mantell. Geology of Susse.x, p. 180, 1822.

Desmarest. Oursins fossiles, Diet. Sc. Nat., t. xx.Kvii,

p. 101, 182;j.

Gold/uss. Petref. Germaniac, p. 123, pi. .xl, figs. 9 a, b,

1826.

Fleming. British Animals, p. 479, 1828.

Brongniart . Tableau des Terrains, p. 405, 1829.

Woodward. Syuopt. Tab. of Brit. Organ. Rem., p. 6,1830.

De Blainville. Zoophytes, Die. Sc. Nat., t. Ix, p. 210, 1830.

De Blainville. Ibid.

Agassi-. Prod., Mem. Soc. Sc. Nat. de Neufchatel, t. i,

p. 190, 1836.

Desmoulins. fitudes siir les Echinides foss., p. 294,

No. 68, 183;.

Desmoulins (pars). Ibid., p. 312, No. 10, 1837.

Agassis. Catal. Syst. Ectyp., p. 11, 1840.

Morris. Catalogue of British Fossils, p. 51, 1843.

Jgassiz et Desor (pars). Catal. rais. des Echinides,

p. 351, 1846.

Jgassiz et Desor. Ibid., p. 352, 1846.

Graves. Essai Topogr. Gcognost. Dep. I'Oise, p. 688, 1847.

Graves. Ibid.

Bronn. Index Palscontologicus, p. 418, 1848.

Bronn (pars). Ibid., p. 381, 1848.

D'Orbigny. Prodrom. de Pal. strat., t. ii, p. 273, 1850.

B'Orbigny. Ibid., t. ii, p. 273, 1850.

Forbes. In Dixon's Geol. of Sussex, pi. xxv, figs. 17,

26, 27,1850.

Forbes. Ibid., pi. xxv, fig. 29, 1850.

D'Archiac. Hist. desProgr. de la Geol., t. iv, p. 20, 1851.

Forbes. Morris, British Fossils, 2iid ed., p. 75, 1851.

Forbes. Ibid.

Desor. Synopsis des fichinides fossilcs, p. 86, 1856.

Pictet. Traitd de Pal^outologie, 2e ed., t. iii, p. 243,

1857.

Pictet. Ibid.
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Cyphosoma Konigi, Woodward. Mem. Geol. Surv., Decade V, Appendix,

1857.

Phymosoma — Biijardin et Hupe. Hist. Nat. des Zooph., p. 508, 1862.

Cyphosoma — Woodward. " Ou Konig's Sea-urchin," Geologist, vol. v,

p. 41, 1862.

— — Cotteau. Paleontologie Fran^aise, t. vii, p. 6/8, pi. 1167,

1168, 1863.

Test large, subcircular, depressed, convex on the upper surface, inflated at the sides,

almost flat on the under surface
;
poriferous zones wide and straight in the upper third,

narrow and undulated at the ambitus and base
;
pores bigeminal in the upper third, uni-

geminal in the lower two thirds of the zone ; ambulacra narrow above, wider below, with

two rows of large tubercles, twelve in each ; inter-ambulacra with two regular rows

of primary tubercles in the middle, and two rows of secondary tubercles, irregular in size

and distribution, on the zonal sides of the area; miliary zone wide, naked, and depressed

above, narrow and granular below
; mouth-opening small, peristome circular, lobes nearly

equal ; discal opening large, pentagonal
;

spines long, subcylindrical
;
upper third of

the stem acicalate, spatulate, straight or bent ; lower third sculptured with fine longitu-

dinal lines.

Dimensions.—Height seven tenths of an inch ; transverse diameter two inches.

Description.—This is one of the largest, most beautiful, and typical of our British

Cyphosoma; it was well figured by Parkinson, 1811, in his 'Organic Remains,' as "an

Echinite from Kent with its spine ;" he gave no description of the specimen, and it was

reserved for Dr. Mantell, 1822, to give it a specific place among our Cretaceous

Urchins.

The long list of synonyms prefixed to this article exhibits the historical phases through

which it has passed, and the numerous admirable and accurate drawings with which our

excellent friend Mr. C. R. Bone has enriched our Monograph will make the determination

of Cyphosoma Konigi a matter of ease and certainty to all future observers.

The specimen figured PI. XXIII, figs. 1 a— belongs to the British Museum. The

large test is subcircular, slightly convex above, inflated at the sides, and flattened below

(fig. 1 c) ; the surface is highly ornamented, the tubercles are nearly all of the same size

and regular in their disposition, and the granules are large and conspicuous at the

base.

The ambulacral areas are narrow above, wide at the ambitus, and contracted at the

base; they possess two rows of tubercles, 12 or 13 in each row; those at the ambitus

are very large, and nearly equal in size the inter-ambulacral tubercles ; on the upper third

of the area they diminish rapidly in magnitude, and from the ambitus to the peristome

are much larger.

At the ambitus the areolae are wide and confluent, but on the upper surface they are

narrow and separated only by a line of granules ; the zone which divides the two series is
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contracterl, and provided with two rows of granules closely set together, unequal in size

some of them being nianimillated at the angles of the plates.

The poriferous zones are narrow and undulated at the base and ambitus, and wide and

straight at the upper surface ; the pores are small, and unigeminal from the peristome to

the ambitus (fig. 1 e), and distinctly bigeminal on more than the upper third of the

zones (fig. 1 d) ; near the peristome the pairs are doubled (tig. 1 (/).

The inter-ambulacral areas are about one third wider than the ambulacral, and furnished

with primary and secondary tubercles ; the primary series consists of two rows, twelve in

each, occupying the centre of the plates ; the tubercles are smaller on the upper than on

the lower third of the area; the secondary tubercles are large and unequal in size; they

form a series between the poriferous zones and primary tubercles, some of which they

resemble in magnitude, especially those extending from the ambitus to the coronal plates
;

between the ambitus and peristome they are much smaller, and in many specimens are

not more developed than large granules on mammillated eminences.

The miliary zone is very wide, naked, and depressed at the upper surface,

becoming gradually narrower at the ambitus, and much contracted at the base; the granules,

unequal in size, are fine, abundant, set closely together, and arrar.ged in semicircles

around the primary and secondary tubercles ; some of the granules, much larger than the

others, are set on mammillated eminences, and may easily be mistaken for the small

secondary tubercles placed near them ; this mingling together of small tubercles and large

mammillated granules imparts a highly ornamented character to the infra-marginal region

of this species.

Discal opening large, pentagonal, and subangular, the elements wanting in all the

specimens hitherto found. Mouth-opening small, circular, the peristome feebly incised,

the border reflected, the entailles having the border elevated and opening upwards.

The spines exhibit some remarkable variations from the typical form of structure.

Some of the most curious of these I have figured in Pis. XXIV and XXVI. The

typical spines, as seen in those in situ in the specimen belonging the British Museum

(PI. XXIV, fig. a), are elongated, subcylindrical, and sometimes aciculate at the summit

(fig. 1 d, and fig. 3 a), or spatuliform with carinas, as PI. XXIV, fig. 1 c, or spoon-

shaped, as PI. XXVI, figs. 1 a, h, the lower part or coUerette being long and distinct,

and covered with fine longitudinal lines (PL XXIV, fig. 3 h), much stronger than those

observed on the stem ; the head is well developed, the milled ring very prominent, flat,

and deeply striated, and the rim of the acetabulum finely crenulated (PI. XXVI, figs. 1

a, c, figs. 2, 4, G), with other varieties of spines figured in this plate.

The test of this Urchin presents many variations of form from the typical shape seen

in the specimen figured in PI. XXIII, fig. 1 a, b, and considered to be its normal form.

In PI. XXIV, fig. 7, I have figured a remarkable monstrosity of this species from

the British INluseum Collection ; it is inversely conical, like Pseudodiadcma tuinidum ;

measures three quarters of an inch in height, and is one inch and one third in diameter
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above, contracting below down to the oral opening, which, at first sight, appears to be the

summit of the test. In PI. XXII, figs. 5 a, h, c, I have given drawings of a young test

from the National Collection.

Affinities and Differences.—This species forms one of the most typical forms of the

genus Cyphosoma, well characterised by its large size, round and inflated at the

ambitus, highly ornamented at the base, and having the poriferous pores distinctly

bigeminal in all the upper part of the zones ; the secondary tubercles are large above the

ambitus and small at the base ; the spines are strong, elongated, and furnished with a

striated collar, having the summit sometimes flattened and carinated, or expanded and

spatulate, as seen in the different figures.

The nearest affinities of C. Konif/i are with C. gramdosum, from which it differs in

having large secondary tubercles above the ambitus and a more ornamented test at the

base. In size and height, and in the disposition of its tubercles on the upper surface, as

well as in the bigeminal arrangement of the pores in the upper part of the zones, it much

resembles C. max/nificum, Agass., from the Etage Senonien inferieure of the south-west

of Prance.

Locality and Stratigrapldcal Position.— C. Konigi is found in fine preservation in the

Upper Chalk of Kent, Sussex, Norfolk, Wiltshire, and Yorkshire. In Prance it is col-

lected in the Etage Senonian at Thuison (Somme)
;
Tartigny (Oise)

;
Vernonnet, La

Villette, Hougouemarre (Pure) ; where it is rare. It is likewise fonnd at Riigen, and

Caesfeld, near Dusseldorf.

Cyphosoma corollare, Klein. PI. XXVI, figs. 7, 8, 9, 10.

EcHiNiTES ORBicuLATUs, Xw^er. Hist. Animal. Anglise, p. 220, pl.vii, fig. 19, 16/8.

CiDARis coiioLLAEis, Klein. Natur. Dispos. Echinoderm., p). viii, fig. c, p. 20,

1734.

— — Baier. Oryctographia Norica, p. 70, pi. iii, fig. 3G, 1759.

— — Leske. Klein, Nat. Dispos. Echinoderm., p. 138, pi. viii,

fig. c, 1778.

Gmelin. Linne's S5'stem. Natur., p. 3177, 1788.

Parkinson. Organic Remains, pi. iii, fig. 1, 1811.

ParJcinson. Ibid., pi. i, fig. 7, 181 1.

Mantell. Geology of Sussex, p. 180, 1822.

Mantell. Ibid., p. 181, 1822.

Fleming. History of British Animals, p. 479, 1828.

Brongniart. Tableau des Terrains, p. 40.5, 1829.

Woodward. Synop. Table of Brit. Org. Remains, p. 6, 1830.

Be Blainville. Zoophytes, Diet, des Sc. Nat., t. Ix, p. 210,

1830.

Agassi:. Prodrome des Radiaires, p. 188, 1836.

Bestnoulins. Etudes sur les fichinides, p. 298, 1837.

coronalis,

Echinus saxatilts,

ClDAKlS COROLLARIS,

saxatilis,

— corollaris,

Echinus saxatilis.

cidaris corollaris,

Echinus corollaris.
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CiDARIS COROLI.AUIS,

— SAXATILIS,

Cyphosoma COKOLLARE,

cidaris corollakis,

— saxatilis,

Cyphosoma corolla uk,

Morris. Catalogue of British Fossils, p. 41), 1843.

Morris. Ibid., p. 50, 1843.

Agassiz et Desor. Catal. Rais. des Echinides, p. 351, 184G.

Broun. Index Palseontologicus, p. 298, 1848.

Jironn. Ibid., p. 300, 1848.

irOrhiyny. Prodrome, t. ii, p. 2/3, Et. 22, 1850.

Forbes. In Dixon's Geol. of Sussex, p. 340, 1850.

Forbes. In Morris's Catalogue of Brit. Foss., p. 75, 1850.

Desor. Synop. des £chinides fossiles, p. 88, I85G.

Desor. Ibid., p. 87, 185G.

Pictet. Paleontologie, 2e ed., t. iii,p.243, 1857.

Woodward. Mem. Geol. Surv., Decade V, p. 2, 1858.

Leymerie et Baulin. Geol. du Depart, de I'Yonne, p. fi21.

Phymosoma —
Cyphosoma saxatile,

COROLLAKE,

1858.

Puymosoma saxatile, Diijardin et Hupe. Hist, des Ecbinoderm., p. 508, 18G2.

— corollare, Dujardin et Hupe. Ibid.

Cyphosoma perfectlm, Cutteau et Triger. Echiuides de la Sarthe, p. 2G1, pi. xlii,

figs. 13—16, 1860.

— — Cotteau. Ecbinides foss. des Pyrenees, p. 24, 18G3.

— corollare, Cotteau. Pal. Frau^aise, t. vii, p. GG9, pi. 11G5, 1864.

Test small, circular, depressed ; ambulacra wide, two rows of tubercles, nine to ten m
each, gradually diminishing in size towards the poles ; inter-ambulacra moderate, with two

rows of tubercles, nine in each, four ambital, large ; areolae defined by rows of granules

;

miliary zone moderate, granular below, becoming smooth above
;
poriferous zones narrow,

undulated, pores unigeminal, and crowded near the summit ; base concave ; oral opening

small, one third of an inch in diameter ; discal opening large, pentagonal, half an inch

in diameter
;

spines long, slender, spatidate, one fourth longer than the diameter of the

test.

Dimensions.—Transverse diameter one inch ; height one third of an inch ; in general

the specimens are not so large.

Description.—This is one of our most common Cyphosomata. In certain localities it is

a small, circular Urchin, rarely exceeding an inch in diameter and about three or four

lines in height ; it is convex and depressed above, and flat or subconcavc below ; the areas

are nearly equal in width, the tubercles very much alike in form and size, the areola} are

encircled with granules, and the structure of the different divisions of the test is very

uniform throughout.

The ambulacral areas (PI. XXVI, fig. 10), contracted above by the poriferous zones,

have two rows of primary tubercles supported on large bosses, and arranged in alternate

series on each side of the area ; in adult specimens there are nine or ten tubercles in a

row ; the areolae are wide, and a single row of granules (rarely double) separates them

from each other.

The poriferous zones are narrow, and much undulated at the ami)itus and infra-uuu-
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ginal region ; the small pores are arranged in oblique pairs at the sides, and at the upper

surface become bigeminal; fig. 10 shows an ambulacral area with its poriferous

zones magnified six diameters
;

fig. 7 3 exhibits the upper part of the area magnified six

times, with the bigeminal arrangement of the pores in the upper part of the zones.

The inter-ambulacral areas are furnished with two rows of tubercles nearly identical

with those of the ambulacral
;
they are, however, a little larger than the latter in the upper

surface, and are sm-rounded by areolae that are placed wider apart. The secondary

tubercles are very small and unequal in size; they form a series near the zones, one mam-

millated tubercle rising in each plate from the midst of numerous granules. They are

most apparent at the lower surface and the ambitus, and are rare on the upper surface.

The miliary zone is wide, naked, and depressed in the upper surface, forming at the

ambitus and lower surface a zigzag line, which defines the contour of the plates. The

granules are large, and those surrounding the primary tubercles at the ambitus send pro-

longations into the areolae, which impart a radiated character to the structure of these

parts. The intermediate granules are more or less abundant, and form circles or semi-

circles around the areolae. The small mouth-opening is lodged in a concave depression

in the base. The peristome is circular, and divided by feeble incisions, the lobes of

which are nearly equal. The apical disc is absent. The opening is large, pentagonal,

and angular, and in our large specimen is about five lines in diameter.

The spines are long, slender, and spatulate, one fourth longer tiian the diameter of the

test, to which they are sometimes found adherent and in situ.

Affinities and Differences.— C. coroUare is readily recognised by its moderate size,

depressed circular test, sometimes subpentagonal ; the pores are unigeminal on the sides

and bigeminal on the upper surface, with small secondary tubercles at the base near to the

zones ; the miliary zone is nude and depressed near the summit ; the mouth-opening is small,

and lodged in a concave depression. By these characters it may be distinguished from

C. tiara and young examples of C. granulosim, both of which it resembles much.

LocaUiy and Stratigrapldcal Position.—This Urchin is very common in the upper

flinty Chalk of Brighton, Gravesend, and Woolwich. In France M. Cotteau enumerates

the following localities in which it is rarely found in the Etage Senonien :—Senneville,

Saint-Pierre en Port (Craie supericure, M. Hebert) ; Seine Inferieure, La Herelle (Oise)

;

Pinterville (Eure) ; Villeneuve-sur-Yonne (Yonne) ; Meudon (Seine-et-Oise) ; Sarlat

(Dordogne) ; Tercis (Landes).

History.—The history of this species, one of the oldest Cyphosomas, is very difficult

to trace, as our table of synonyms has already exposed. Lister and Klein have both

figured it, and Parkinson has given a very good figure of it under the name of Echinites

saxaiilis in his 'Organic Remains.' Klein's name, however, has the priority, and

therefore is retained.





PLATE XXII.

EcUnocyphusfrom the Grey Chalk.

Fig. 1 a.

1 b.

Y\o. 2 a.

2 h.

2 c.

'2d.

EcHiNOCYPHUs ])iFFiuiLis, Agassiz. Test, natural size. British Museum.

(P. 116.)

Ambulacral and inter-ambulacral plates, magnified four diameters, do. Do.

EcHiNOCYPHUs DiFFiciLis. Upper surfacc, magnified three diameters. The Rev.

T. Wiltshire, F.G.S.

„ „ Under surface, do. do. Do.

„ Lateral view, do. do. Do.

,, Ambulacral and inter-ambulacral plates, magnified

six times.

Fis. 3 a. EcHiNOCYPHus mespilia natural (P. 119.)

8 b.

3 e.

3 d.

3 e.

Fig. 4.

Fig. .5 a.

5 b.

5 c.

5 d.

echinocyphus difficilis

Cyphosoma Konigi

Woodward, sp. Test,

British Museum.

Upper surface, magnified three diameters.

Under surface, do. do.

Lateral view, do. do.

Ambulacral and inter-ambulacral plates,

magnified eight diameters.

Apical disc, magnified four times.

Mantell. Young test, natural size. British Museum.

(P. 131.)

Under surface, do. Do.

Lateral view, do. Do.

Upper third of ambulacrum, magnified four

times.
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PLATE XXIII.

From the Upper White Chalk.

1 a. Cyphosoma Konigi, Mantel!

.

Upper surface, natural size. (P. 131.)

1 b. Under surface, natural size. British Museum.

1 c. Lateral view, do.

1 d. Upper part of anibnlacral area, magnified three

times.

1 ^• Portion of the areas and [)ores, magnified three

times.

1/ Boss and mammillon, highly magnified.

1 9- Inferior portion of an ambulacrum, magnified

three times.

Pig. 2 a. Cyphosoma granulosum, Goldfuss. Upper surface, natural size. (P. 1.29.)

2 b. „ ,, Under surface, natural size. British

Musemn.

2 c. „ „ Lateral view, showing the depression

of the upper surface.

2 d. „ „ Portion of the areas and pores, magnified

four times.

Fig. :3. Cyphosoma Konigi, Maniell. Elevated variety. British Museum.
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PLATE XXIV.

From ilie Upper White Chalk.

Fig. 1 n. Cyphosoma Konigi, Mantell. A fine specimen, with the spines in situ,

natural size. British Museum. (P. 131.)

lb. „ „ Raraiform spine, natural size.

1 c. „ „
"

do., do., magnified three times.

1 d. „ „ Bent spine, magnified twice.

Fig. 2. „ „ Test, with spines. Rev. T. Wiltshire, F.G.S.

Natural size.

3 a. „ „ Bent spine ~)

3 6. „ „ do., magnified six times ^British Museum.

4. „ „ Spatulate, do. J

6. „ „ Inter-ambulacral plate, magnified six times.

7. „ „ Elevated variety. British Museum.
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PLATE XXV.

Ci/phosomas from the Upper JVhite Chalk.

Fig. \ a. Cyphosoma MAGNiFicuM, y/ya^^/^;. Natural size. Rev. T. Wiltshire. (P. 137.)

I b. „ „ Upper surface, magnified twice. Do.

1 c. „ „ Under surface, do. Do.

1 d. „ „ Lateral view, do. Do.

Fig. 2 a. ,, „ Upper part of areas, magnified four diameters.

2 b. „ „ Base of ambulacrum, do. do.

2 c, „ „ Tubercle, magnified six diameters.

Fig. 3 «. Cyphosoma KoNiGi, Mantell. Mould in flint. Upper surface. (P. 131.)

3 b. „ „ Do. Under do.
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PLATE XXVI.

Cyphosomasfrom the Upper White Chalk.

Fig. 1 a, b, c. Cyphoscma Konigi. Spoon-shaped spines, magnified. The Rev. T.

Wiltshire, F.G.S.

2. „ „ Club-shaped spine, do. Do.

;i a, h. „ „ Awl-shaped spine, magnified six times. Do.

4, 5, 0. „ „ Conical and spoon-shaped, do. Do.

Fig. 7 a. Cyphosoma corollare, Klein. Test, natm'al size. British Museum. (P. 134.)

7 b. „ „ Upper third of an ambulacrum, magnified six

times.

7 c. „ „ Inter-ambulacral plates, do. do.

8 «. „ „ Upper surfaceof another test, magnified twice, do.

8 h. „ „ Lateral view of do., do., do.

9. „ „ Under surface of do., do., do.

10. „ „ Ambulacral area, magnified six times. The

Rev. T. Wiltshire, F.G.S.
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PLATE XXVII.

From the Upper White Chalk.

Fig. 1 a. CypHosoM.\ Wetherelli, Forbes. Test, natural size. Museum of the Royal

School of Mines. (P. 189.)

1 h. „ „ The upper surface of do., magnified twice.

1 c. „ ,, The under surface of do., do.

1 rl „ ,, The lateral view of do., do.

1 e. „ Areal plates and zones, magnified six times.

1 /. ,, Lateral view of a single tubercle, mag-

nified.

I y. „ ^, Upper portion of an ambulacrum, magnified

six times.

1 h. „ Inferior portion of do., do.
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PLATE XXVIII.

Prom the Upper White Chalk.

Fig. ] a. Cyphosoma spatuliferum, Forbes. Test, natural size. British Museum

(P. 141.)

1 b. „ Upper surface of do., raagnified tM'ice.

1 c. „ Under surface of do., do. do.

1 d. „ Lateral view of do., do. do.

1 e. „ Inter-ambulacral plates, do. six times.

If- „ Ambulacrum entire, do. do.

1^- „ Inter-ambulacral plates, do. do.

1 h. „ Lower portion of an ambulacrum, mag-

nified six times.
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PLATE XXIX.

From the Upper and Lower Chalk.

1 a. Cyphosoma spatuliferum, var. The Rev. T. Wiltshire, F.G.S. (P. 141.)

1 h. „ „ Upper surface of do., magnified twice.

1 c. „ „ Lateral view of do., do. do.

1 d. „ „ Areal plates and zones, do. six times.

.2 a. Cyphosoma simplex, Forbes. Royal School of Mines. (P. 143.)

2 b. „ „ Upper surface of test, magnified two and a

half times.

2 c. „ „ Upper portion of ambulacra, do. six times.

3 a. „ „ Another test, magnified three times.

3 6. „ „ Radiated areolge, magnified eight times, Museum

of the Royal School of Mines.









PLATE XXIX A.

From the CIdoritic Marl.

Fig. 1 c/. Pedinopsis WiESTi, Wriijht. Test, natural size, upper. From the Collection of

W. Wiest. (P. 114.)

1 b. „ Under surface of do., natural size.

1 c. ,, „ Lateral view of do., do.

1 d. „ „ Upper third of an ambulacrum, magnified six

times.

1 e. ,, Inter-ambulacrum plates, do., do.

1 /. „ Do. do., do., do.

1 y. ., Areal plates and zones, do., do.

2. Pedinopsjs Mehidanensis, Cottean, Copied from PI. 1125, fig, 2, of the

' Paleontologie Fran?aise,' for compari-

son with P. fFiesti.
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PLATE XXIX

From iJie Upper and Lower Chalk.

. 1 a. Glyph ocYPH us radiatus, Hmiinghaus, sp. Test, upper surface, magnified

twice. (P. 121.)

1 ^- „ ,, Lateral view, magnified twice.

1 c. „ „ Areal plates and zones, do. ten times.

2 a.
^, Under surface, do. twice.

2 6. „ „ Apical disc (from M. Cotteau's figure), magnified.

2 c. Areal plates and zones (do. do.) do.

2 d. „ „ Inter-ambulacrum (do. do.) do.

2 e. „ ^, Ambulacrum (do. do.) do.

3 a. EcHiNOTHVRiA YLORis, JFoodivard. Portion of test, natural size, in the British

Museum. (P. 125).

3 „ „ Poriferous zones, magnified four times, do.

4 a. „ Do. do., do. do.

4 ^- „ „ Portion of spine, do. six times.

4 c. „ „ Do. do., do. do.

4 d. „ Areal plates, do. four times.

5 a. „ „ Ovarial plates, natural size.

5 (j „ „ Jaws, forming " the Lantern of Aristotle,"

natural size.
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BELEMNITES OF THE OXFORD CLAY.

In passing upward from the thin-bedded rocks of Stonesfield, we find few or no

Beleninites for a considerable thickness of the Oolites. Through the whole series of the

Great Oolite, Bradford Clay, Forest Marble, and Cornbrash, Belemnites, if ever found,

are very rarely seen in the South of England. In the North of England, the doubtful

" Grey Limestone," as I termed it, of the Y'^orkshire Coast, contains Belemnites, but they

are of the type of Inferior Oolite, and with Ammonites Blagdeni, Am., llumphrej/sianus,

and^w/,, Parkinsoni, umst be held to carry that rock to the "Lower Badonian" stage. Is

the Great Oolite of the South of England wholly devoid of Belemnites, except in its

lowest member, the Stonesfield slate ? I can only reply that no specimen has occurred

to my personal observation. Does the Bradford Clay contain any Belemnites? Only

one notice is on record, and that is in the now rarely seen volume, published by W.

Smith, under the title of ' Strati graphical System of Organized Fossils,' 1817. In that

work, page 79, occur these words -.

—
" Multilocular bivalves. Belemnites small, slender

;

Stoford." As my boyish hand wrote the words—the place being familiar to me, I have

no reason to doubt the accuracy of the record. The specimen was transferred to the

British Museum. No Belenmite is mentioned in the Forest Marble beds, nor, so far as

I now remember, has any one been quoted from the Cornbrash, except by error. In the

first edition of my work on the 'Geology of the Yorkshire Coast,' 1829, 1 remarked

(p. 145) "No Belemnites have been found in the Cornbrash of Yorkshire;" and again

(p. 14G), "The Cornbrash is the only conchiferous stratum in the eastern parts of

Yorkshire from which Belemnites are excluded." In consequence of some notice reaching

me of a specimen found in the Cornbrash of \''orkshire between 1829 and 1835, I

modified the expression in the Second Edition, so as to call attention to the extreme rarity

of the occurrence. If any Palaeontologist wliom these remarks may reach should find

himself able to furnish me with specimens of Belemnites from beds between the Corn-

brash and Stonesfield slate, of any part of England, he would oblige me much by a sight

of them.

There being then, as appears, this great blank in regard to Belemnites (the remark is

almost equally good for Ammonites, but in this case we must exclude the Cornbrash),

through a considerable range of conchiferous strata, it becomes a matter of great interest

to compare the several Oxonian forms which now appear, with the numerous Badonian

species which have disappeared. Are these the same species matured in some other

part of the sea, modified there through a long succession of transmitted forms, and again

brought into the Oolitiferous ocean ? We may consider this question after the facts

have been collected and studied.

Among the Belemnites of the Oxford Clay and the Kelloway Rock (a sandy member

17
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which is not seldom absent from the section), four principal forms appear to have reached

maturity in the area of England, which may, for convenience, be termed ' HastatiJ

including B. Jiastatus of Blainville ;
' CanaliculatiJ including B. sulcatus of Miller

;

' Tornatiles' including B. Puzosianus of D'Orbigny ; and * Excentrid^ including

B. abhreviatus of Miller. When we endeavour to trace the history of these several forms,

from the youngest examples, we experience in more than the usual degree the difficulty

of obtaining a series of all ages for any one of the species.

However carefully we may collect, in many favourable localities, it is nearly impractic-

able to fill up all the terms of the series ; and though scores of young ones have been col-

lected by my own hands from different localities, it is only in a few instances, and by the

aid of my pupils, that I have succeeded in proving to my own satisfaction the real

progress of these several forms tow^ards maturity. Nor does the method of examination

by sections of the older individual succeed in this case so well as in some others, because

of the frequently very close textm-e of the sparry substance, and its more complete con-

densation into an amber-coloured mass, than is usual in the earlier deposits. For this

reason the form of the very young shell cannot always be even approximately known by

examining polished or natural sections. As far as can be judged from these sections,

however, there is reason to think that most of the Belemnites of the Oxford Clay began

life in a more or less hastate, or else lanceolate, shape ; and this seems to be confirmed

by the fact, as I believe it to be, that no very small specimen has ever been observed in

the Oxford Clay or Kelloway Rock in England, except in one of these shapes. Extending

our view to Scotland, we find a somew^hat different result. The Belemnites of the

Cromartie coast have been collected very successfully at Eathie and Shandwick by Lieut.

Patterson, of Ripon, to whom I am obliged for the sight of his fine series, and for

photographs of many specimens.

Two s})ecies at least have there arrived at maturity
;
one, a peculiar elongated spicular

Belemnite, whose guard sometimes reaches the length of ten inches, is found in Mr.

Patterson's series of all sizes down to one inch : it is only in this very small and very

slender specimen that any approach to a fusiform shape of the guard can be recognised,

and then only in a very slight degree. Another of these species makes an approach to

B. sulcatus of ]\Iiller, and is longitudinally grooved up to the point, at least in all the

smaller specimens (Shandwick).' There is nothing in the smallest of these at all com-

parable to the clavate forms common in the Oxford Clay of England, though a slightly

hastate shape can be recognised among them. The strata from which these Belemnites

come have been called Lias, but what Ammonites and Conchifera I have seen from them are

of the Oxonian type of life.

Two of the four Oxonian groups have been already mentioned in the Badonian

' In Lieut. Patterson's Collection is one specimen of a decidedly Liassic Belemnite of the group of

D. elongatus (Miller), which is placed among the Shandwick fossils.
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Oolites {TIastati and Canalictdali) ; the others {Jornaliles and Exccntric'i) now first make

their appearance, to replace (perhaps we may say) the Giganlci, which they, however,

resemble in no particular except size.

Belemnites hastatus, Blainville. PI. XXVIII, figs. C7—70.

Reference. Var. a. Belemnites hastatus, Blainville, 'Mem. sur les Bclemn.,' p. 71,

pi. 2, fig. 4, 4 «. 1S27.

Belemnites semihastatus, Blainv., ' Mem. sur les Bclemn.,' p. 72,

pi. ii, fig. 5, 5a—5<7. 1827.

Belemnites gracilis, Phillips, ' Geol. of Yorkshire,' vol. i, p. 1:38,

pi. V, fig. 15. 1829.

Belemnites hastatus, D'Orb., ' Terr. Jurass.,' p. 121, pi. xviii,

fig. 1, 9. 1842. (Exclude some of the synonyms.)

Beleinnites hastatus, Quenstcdt, ' Cephalopoda,' p. 412, pi. xxix,

fig. 27—39. 1849.

Belemnites semihastatus rotundas, Quenstcdt, ' Cephal.,' p. 440,

pi. xxix, fig. 8—11. 1849.

Belemnites semihastatus depressus, Quenstcdt, ' Cephal.,' p. 440,

pi. xxix, fig. 12—18. 1849.

Guard. Very elongate, smooth, hastate, with an acute apex (by decay of lamin;c

about the alveolar apex it becomes fusiform) ; in all stages of life depressed and expanded

laterally in the post-alveolar region
;
cylindrical or somewhat compressed about the alveolus

;

ventral surface marked by a distinct groove, which is extended forward over the alveolar

cavity, and backwards toward the apex, about half the length of the axis of the guard, so

as to leave much of the expanded part free from groove, or with merely a faint indication

or trace of groove. In young specimens this part appears swollen on the ventral aspect

(see fig. 69, 2^, 2*).

Transverse sections show the laminae of the guard thickening on the dorsal aspect of the

alveolar cavity, so as to make the section circular, or a little oblong there ; the sectional out-

line is depressed and reniform in the post-alveolar region, till the bulbous part is reached,

which has an oval section gradually growing circular toward the conical or slightly sub-

mucronate point. The axis is nearly central. In some excellent specimens are small faint

longitudinal bent or sigmoidal furrows one on each side of the guard. They begin nearer

to the ventral than the dorsal surface, and bend upward before losing their distinctness

(figs. 68/', 07/).

Dimensions. In the Oxford district within a few miles of the city, the clay-pits have

been well searched for these Belemnites, and with great success as far as the young
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forms are concerned. Only one specimen has yet been met Avitli corresponding in size to

the figures of D'Orbigny and Quenstedt already referred to. This is in the collection of

Mr. James Parker, from the Cowley clay pit at its deepest part, about 80 feet below the

Calcareous Grit. This specimen has a total length of 6-75 inches
;
greatest breadth 65

;

least 0-40
;
greatest depth 60 ; least 0-40

; axis = 5'5 inches. Between this fine and

solitary specimen and very many examples 2? inches long, no intermediate magnitudes

have yet, near Oxford, been found ; the smallest specimens, like oat grains, are about half

an inch long, and then by decay of the laminae al>out the alveolar apex acquire the aspect

of the so-called ' Actinocamax' of Miller.

Proportions. In young specimens the axis is about seven times as long as the greatest

post-alveolar breadth, and about ten times as long as the breadth at the alveolar apex : in

an old specimen, the axis is fourteen times as long as the alveolar breadth, and nine times

as long as the greatest post-alveolar breadth.

It was with great pleasure that I received from the Oxford Clay of Eyebnry, near

Northamptonshire, a specimen found by Mr. Leeds (PI. XXVIII, fig. 68), which happily

fills up the blank in the history of the species, by a form of intermediate magnitude, not

elsewhere recognised. We are thus assured of the persistence of the hastate form in this

species through all stages of growth yet observed, from the very young to the apparently

full-grown individuals.

Phragmocone. Very few indications of this part of the fossil have been as yet seen

by me. D'Orbigny, who had fine specimens at his disposal, figures the phragmocone of

one ('Terr. Jurassiques,' pi. viii, fig. 1) in the sheath, and represents it as having an angle

of about 1.5° (in the description it is said to be 11° to 18°), with chambers whose

diameter is only four times their depth. Quenstedt ('Cephal.,' pi, 29, fig, 8 a, 9) presents

the phragmocone of B. semihastatus rottmdus (regarded as a variety of B. hastatus by

D'Orbigny), with septal intervals equal to one fifth of the diameter, and an angle of 1 3°.

These may be regarded as good characters for discriminating between this specific group

and that of B. ari-pistilhm of Stonesfield. The septa are more nearly round than in the

figure of D^Orbigny.

Localities. In Oxford Clay, Weymouth ; in the middle part of the clay north of the

town ; on the shore in the upper part of the clay ; and south of the town. Oxford, in

the lower or middle part of the clay, with Ammonites Duncani, at Summertown, one mile

to the north ; in the upper part of the clay at Cowley Field, half a mile to the south-east

;

and at Long Marston, in the upper part of the clay, one mile to the north-east {Phillips).

Eyebury, near Peterborough, in the lower part of the clay {Leeds). St. Ives [Walker).

Scarborough Castle Hill {Phillips). In Calcareous Grit, Scarborough {Bean).

Observations. D'Orbigny collects under one title the two fossils to which Blainville

assigned the names of Belemnites hastatus and B. semihastatus. The differences between

them were far from clear in the earlier author's descriptions or figm-es. Quenstedt
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retains the distinct names, and is, in this respect, in agreement with other Geiuian

writers. Collections in Germany follow this model in their arrangements. D'Orbigny

joins to these Bdemnites fusiformis of several writers, B. ferriiginem of Voltz, and

B. (jracilis of Raspail.

In considering the varieties to which the species seems liable, we find among English

specimens, of lengths from half an inch to three inches, some differences in the general

shape of the guard, which in some specimens is elegantly hastate (fig. 69, v"), in others

more expanded and recurved at the apex (fig. 69, V\ v'), in a few bulbiform

(fig. 69, y", V'), in one deformed (fig. 70, ^). The ventral groove is generally

absent from half of the length of the axis of the guard ; in rare cases (fig. 69, v') it is

interrupted, sometimes it leaves more than half of the length of the axis of the guard

smooth. I do not observe lateral fnrrows on any of the small specimens, and it seems

rarely absent from any of the larger ones. In the older form, which exceeds six inches

in length, the undulated, or somewhat oblique faint double furrow, is traceable nearly as

D'Orbigny has represented it ('Terr. Jur.,' pi. xviii, fig. 4).

Belemnites hastatus, var. bulbosus. PI. XXVIII, fig. 69, v^, v'.

The variety to which attention is now called, is more than any other remarkable for

the retral expansion of the guard and the swollen ventral outline of the expanded part.

In eleven specimens before me, including individuals from \ inch to 2\, the characters wore

nearly uniform. The broad part of the guartl is about ird of the axis from the apex ; the

groove usually terminates at half the length of the axis from the apex ; but in one

specimen (fig. 69, v^) it is interrupted and fiirther extended.

The sections are nearly round in and for a small space behind the alveolar portion,

but everywhere further back they are/clliptical. The laminas over and a little behind the

alveolar space are, as usual, pale and less calcareous than in the more solid part of the guard.

Localily. Specimens of this very interesting form have been forwarded to me by

Mr. J. F. Walker, of Sidney Sussex College, Cambridge, from the Oxford Clay of

St. Ives, Cambridgeshire, where they are accompanied by B. Puzosianus of D'Orbigny,

and B. sulcatus of Miller.

I have examined in foreign collections a considerable number of specimens called B.

hastatus and B. semihastatus, and considered the figures which are given as representing

them. I am unable to perceive differences among them or among the com[)arativeIy few

English examples of full size, such as to require the employment of more than one

specific name. At the same time there are differences; some have a nearly circular

section across the expanded part of the guard, others a depressed contour there ; similar

variations occur in the alveolar region. To the former the ' variety-name ' of rofinnlun

has been assigned, to the latter dejjrcssus. The somewhat flcxuous lateral groove is

absent in some and present in other examples not otherwise dificring.
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On a group of Belemnites, including B. canaliculatus, Schlotheim (in part)
;

B. SULCATVS, Miller (in part) ; B. Altboefensis, Blainville B. absolutus,

Fischer; B. Beaumontianvs, D'Orbignt.

The canaliciilated Belemnites above referred to are frequent in the Oxford Clay, and

specially toward the lower part of it, as it occurs in England. They are found in the

vicinity of Oxford, associated with Ammonites Dnncani, in the parallel of the Kelloway

Rock, or nearly so, for that rock is hardly traceable in this quarter. In the corresponding

clay of Weymouth, Belemnites are found of the same general character, while at St, Neot's

specimens occur which cannot in the least particular be distinguished from Oxford

specimens.

Miller, while examining the Oxford Collection, certainly referred the channelled

Belemnite of the neighbourhood to B. stdcatus ; but a frequent apphcation of this name is

to a species of the Lower Oolite, such as B. apiciconus. We find in Schlotheim

B. canaliculatus corresponding to B. sulcatus of Miller, and, like it, including forms from the

Inferior Oolite and the Oxford Clay, Blainville rightly separates them, and assigns to his

B. Altdorfensis one of Miller's figures (pi. viii, fig. 5, ' Geol. Trans.,' 2nd series, vol. ii), and a

part of B. canaliculatus of Schlotheim. Quenstedt employs the general title of B. canali-

culatus for all these forms, and includes in it the Stonesfield fossils referred to B. Bessinus

by Morris and Lycett.

Belenmites having the same general character occur in the Oolitic series of Russia, with

Ammonites of the Oxford Clay ; and similar forms have come to my hand from the

Himalaya.

Among all these fossils there is so much of resemblance that in the sense of the term

species, as it was employed by the earlier naturalists who thought with LinnfEus, they

might be classified under one title, such as B. canaliculatus, the earliest on record, as Quen-

stedt does. But this title is equally claimed for the grooved Belemnites of the Bath Oolite

series, which contain several very distinguishable and characteristic forms.

B. Altdorfensis of Blainville is supposed by this author to be identical with B. cana-

liculatus of Schlotheim and B. sulcatus of Miller, and is quoted from the ferruginous Oolite

of Curey, near Caen.

D'Orbigny disposes of the perplexity of this nomenclature by instituting a new

species, B. Beaumontianus, which he refers to the Lower Oxford Clay of Vaches-Noires.

A fossil, corresponding to his figure, occurs at Loch Staffin in the Isle of Skye, according

to Prof. E. Eorbes. No other locality is given by Morris,

Upon the whole I am disposed to preserve the name Avhich Miller certainly imposed

on the long-grooved fossils from the Oxford Clay ; the more so as it will be seen that

hardly any examples fit so exactly with the figure of B. Beaumontianus given by D'Orbigny

as to render that a good general type of a variable species.
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Few Belcmnitcs appear to have had so large a distribution in time and space as the

group allied to B. sulcaius of Miller and B. canalicidalus of Schlotheini. From the base

of the Inferior Oolite to the middle of the Oxford Clay they are generally recognised in

Europe
;
specimens much like our examples from Oxford Clay are abundant in the country

south of Moscow ; others come to us from the Himalaya^ from Cutcli^ South Africa^

New Zealand,* and Queensland.^

Belemnites sulcatus, Miller. PI. XXIX, XXX; figs. 71— 75.

Boference. Belemnites sulcatus. Miller, ' Geol. Trans.,' 2nd series, vol. ii, p. 59, pi. viii,

fig. 5 [excl. fig. 3 and 4]. 1823.

Belemnites Beaumontiamis, D'Orb., 'Pal. Fran^., Terr. Jur.,' p. 118,

pi. xvi, fig. 7, 11 (on the plate it is called B, Altdorfensis). 1842.

Guard. Subcylindrical or conical in the alveolar region, more or less depressed in

the post-alveolar region and deeply grooved ; the groove interrupted or expanded toward the

apex, and gradually ceasing about the alveolar summit. Outline nearly straight on the

ventral, more curved on the dorsal aspect
;

apicial region tapering, surface smooth or

granulated. Sections show the axis to be nearest the ventral face, very excentric, and

somewhat recurved. Near the apex the sections are almost circular or a little oblong.

Greatest length observed 5*5 inches ; and of this the axis occupied 3 inches. Gre.'itest

diameter in this specimen 0"85, in a stouter specimen 1'05.

Young. The very young form was more or less hastate (fig. 73 v^). Somewhat

advanced in age is the very rarely seen form fig. 73 y, from near Oxford; next we have

fig. 72 and 71 u, differing from full-grown specimens only in greater slenderness.

Proportions. The normal diameter (not counting the groove) being taken at 100,

the transverse diameter of the alveolar apex is, in full grown individuals, 108 ; the axis

under 300 ; the ventral radius 40 ; the dorsal GO. In young specimens the axis is 500.

PiiRAG.MOcoNE. Slightly arched, very obliquely inserted ; septa nearly circular, un-

usually approximate, their depth being about one eighth or even only one ninth of the

diameter in the anterior part; sphericle distinct and rather large; angle 22°. The

concave surface, within the septal edge, is a portion of a sphere, measuring 90° across.

Observations. There is some variety in the sections of the guard ; some specimens

showing more depression than others ; in some the groove is broader, in others it is deeper
;

in a few the groove expands a little toward the apex (fig. 74 v), and also expands on the

surface over the alveolus (fig. 75 y') ; in some there are one or two lines parallel to the edges

' Specimen in my possession. - Sowcrby, ' Geol. Trans.,' 2udSer., vol. v, p. 329.

* Tate, in 'Geol. Soc. Journal,' 186", p. 151. * Hocbstetter, Novara-E.vpedition.

^ Specimens in the Collection of Mr. Charles ]Moore.
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of the groove (fig. 75 y' and v"). There is often a marked increase of depth and definition

of the groove for half the length of the guard, measuring back from the alveolar region, as

if in that part was a fissure (fig. 1\, v, v). A faint intimation of the groove can almost

always be traced to near the apex.

Specimens occur with an external sheath of white fibrous matter, rough on the outer

surface (PI. XXIX, fig. 72 vi). One might fancy this to be a periostracon or capsule,

but it is, I believe, really a concretionary deposit. The shell is sometimes granulated

(PL XXIX, fig. 72 m).

In figure 10, pi. xvi, of the ' Pal. Fran?.' the outhne of the alveolar cavity, erroneously

represented as somewhat transverse, should have been very nearly circular. The Oxford

specimens are never so much depressed in the post-alveolar region as in fig. 9 of the same plate.

The axis of the guard of this Belemnite, in some specimens obtained from the Oxford

district, is hollow for a part of the length, as if the apices of the young laminae of the

guard were, during life, removed, so that a sort of pipe, partially interrupted at intervals

by the edges of these laminse, extended inwards from the perforated apex. Afterwards

the sheaths successively formed covered them completely, and were not perforated. In some

specimens (fig. 71 s', a', a") the axial canal is very narrow for a certain space above the

alveolar cavity, then it enlarges in a fusiform shape, and again contracts to the mere line

of junction of the opposite guard -fibres. This curious appearance Mall be further considered

in connection with B. abbreviatus.

Another very curious fact is observed in several of these fossils. On the ventral

aspect, internally, are one or two cavities extended lengthways, through the substance of

the guard, from a little in front of the alveolar apex to a greater distance behind. An

explanation is found by the aid of cross sections : for these, taken a little behind the

alveolar apex, show the cavities in question to be formed by the peculiar inflexion of the

laminae of the guard on the ventral aspect. This inflexion becomes remarkable only after

a certain age ; thenceforward grows continually deeper and deeper, always producing a

groove, and sometimes l)y the contraction of this groove completely or partially enclosing

longitudinal canals.

Fig. 71 5 shows the arrangement of the laminae round the axis of the guard in

conformity with this description. The axis is not tubular in this instance. The laminae

of the guard are crossed by the fibres nearly at right angles to the surface, and as this is

a curve of contrary flexure about the ventral aspect, the fibres assume there remarkably

arched directions. In these sections glisteniug dagger-shaped parts are present—they are

merely the obliquely truncated prismatic cells of the so-called fibrous structure. It may

be well to mention, that the specific gravit}- of most Belemnites (2-8) agrees with that

carbonate of lime called arragonite, and not with ordhiary calcite.

The student of Homology will not fail to remark the analogy which this repetition of

deep folds on the ventral aspect of Belemnites sulcatus off'ers to the more regular groove

on the same aspect in Belemnitella. The groove of the latter group, however, is only on
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the alveolar region, and reaches to its anterior edge, which is eniarginate in conseqnence,

while that of B. isulcatuH belongs to the posterior part, dies out on the same region,

and ceases nearly opposite the alveolar apex. The canaliculated axis occurs in some

examples of B. Bessinus of Stonesfield and in B. lateralis of Speeton, but I have not

yet seen it in any Liassic species.

Belemnites perfoi'atus, Voltz (PI. VIII, fig. 2), from Cretaceous beds at Osterfeld, is

canaliculated for the whole length of the axis of the guard ; and specimens of B. quadratics

and B. mucronatus from the Chalk frequently show this peculiarity, or else a condition of

the central parts which suggests their easily acquiring it.

Locality and distribution. Weymouth has yielded characteristic specimens of this

species from the Oxford Clay, but they seem not to be plentiful there. I found only two

or three fragments in the clay on the shore north of Weymouth, mixed wuth hundreds of

the young forms of a hastate Belemnite. It is not mentioned among the fossils of the

Oxford scries known to Smith, who figures and describes the longer Belemnite known at

Chip|)enhani as B. Oioenii. About Oxford we find it rather frequently, especially towards

the middle and lower part of the clay deposit, with Ammonites Buncani, while in the

upper part B. Oicenii and B. excentricus occur more frequently, with Ammonites vertehralis.

The young forms are very rare in these parts. Near St. Neot's, again, they occur with

Ammonites Dnncajii, but not plentifully, as I find by Mr. Walker's communications, and

again near Peterborough, as I learn from Mr. Leeds. I doubt the occurrence of the

species in Yorkshire, and regard the mention of it in the first edition of my work on the

geology of that county (1829) as requiring confirmation.

The locality of D'Orbigny's fossil is thus noticed :
—" Elle a etc recueillce par

M. Tesson dans les marnes Oxfordiennes des Vaches-Noires (Calvados) ; elle parait y

etre rare."

On a Group of Belemnites allied to Belemnites Pvzosianus of D'Orbigny.

In ISIG William Smith figured, in his 'Strata Identified,' on the plate of Oxford

[Clunch] Clay fossils, a long subcylindrical Belemnite from Dudgrove Farm, in "Wilts.

In his ' Stratigraphical System' (IS 17) the fossil is described as "large, squarish, quickly

tapering to the apex ; diameter one inch at the largest end, length four or five inches.''

The figure referred to represents the guard almost complete, with the alveolar cavity

exposed. I remember the specimen, which is now in the British Museum. Some years

later the species was recognised by my great relative in a fossil of the Kelloway Rock

in Yorkshire, to which I gave the name of B. tornatilis. Of this I had seen

specimens when the first edition of my work on the ' Geology of Yorkshire' was published

(1829), and described the fossil as elongated. In the second edition it was named,

with an equally brief description, but no figure (1S35). In 1841 the rich deposit of
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Chippenham had yielded its treasures, and Belemnites of the same general aspect, with

considerable portions of the phragmocone, and even extensions of the conotheca, had

furnished to Prof. Owen the materials for a valuable essay on the structure of the

shell and the relations of the animal (' Phil. Trans.,' 1841). The fossil was named by

Mr. Pratt B. Owenii.

The same great record of science contains, in the volume for 1848, another "Essay

on the Belemnites of Chippenham," by Dr. Mantell, in which the figures represent a

variety of important facts previously unobserved. The Belemnite which he examined

is here called B. attenuatus—a name long before appropriated to a species found

in the Gault, which had, however, been referred to a new genus, Belemmtella.

D'Orbigny makes known to us a very similar form of Belemnite, also from the

Oxford Clay, to which he gives the name of B. Puzosimms. Finally, Mr. Morris, in his

excellent 'Catalogue of British Eossils,' 1854, employs the term B. Oioenii, giving

B. Puzosianus as a synonym, and under B. tornatilis proposes the question if it be not

identical with B. Owenii.

The natural group thus noticed consists of Belemnitic guards of more than the usual

length, with a generally cylindrical aspect, more or less compressed; always marked by

a depression, often by a conspicuous groove, from the apex along the ventral surface

for a third or half the length of the axis.

To the forms best known nmst be added one or two more from the midland district

of England, and as many from the Oolitic series of the coast of Cromarty. These are

inordinately long, but in other respects correspond in general character with the more

usual species.

Looking back upon earlier groups of Belemnites, we find nothing so much like these

as the long, somewhat compressed forms alhed to B. tripartitiis (see PI. XI, fig. 28),

in the Upper Lias. But all those Liassic forms have lateral grooves near the apex, often

very conspicuous ; these of later ages, in the Oxonian strata, never.

In regard to the synonymy, there can be little doubt about preservhig Mr. Pratt's

name, B. Owenii, for the whole group ; B. Puzosianus, D'Orbigny, having certainly to be

associated with it, as a variety.

Belemnites Owenii, Pratt. Pis. XXXI, XXXII, figs. 76—81.

Reference. Beiemnites {unnamed), Smith, ' Strata Identified,' 1816, and 'Strati-

graphical System,' p. 55, 1817.

B. tornatilis, Phillips, ' Geol. of Yorkshire,' vol. i, ed. 2, 1835 (no

figure).

B. Owenii, Pratt, 'Phil Trans.,' 1844.

B. attenuatus, Mantell, 'Phil. Trans.,' 1848.
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B. Ownnii, Qiienstedt, ' Ccplialop./ pi. xxxvi, f. 9, 1S49.

B. Piizosiamis, D'Orbigny, ' Pal. Frany., Terr. Jur.,' j). 117, ])1. xvi,

f. 1800.

This frequent species, or group of species, varies much in several important

characters. The degree of compression is by no means uniform, but I have seen no

example of alveofar compression a{)proaching to that rej)resented in D'Orbigny, fig. 4,

pi. xvi. All my specimens have in that part a slightly elliptical section. In some the sides

of the guard are flattened or a little grooved (PI. XXXI, fig. 77); the apicial region is some-

times unusually compressed, but generally follows the sweep of the sides ; the ventral groove

near the apex varies from little more than a mere flattening (PI. XXXII, fig, 79) to a

l)road furrow (fig. 76, v), a sharp short rift (fig. 77, v), a naiTow groove (fig. 76, y",

and fig. 78), and a deep lengthened canal (figs. 80 and 81). The general figure, always

long, varies in the proportion of length to diameter.

Guard. Very long, subcylindrical, more or less compressed, tapering evenly to a

point, grooved on the ventral aspect from the apex through one third or more of the

length of the axis ; in perfect specimens this groove is often bistriated, or somewhat

sharply bordered.

Sections show the axis placed nearer to the ventral surface ; in young specimens the

compression is considerable, growing less with age ; there is sometimes a distinct lateral

flattening on the middle part of the guard.

Greatest length observed, in specimens from St. Neot's, 10 inches, of which the axis

is G inches; the diameter at the alveolar apex 1 inch. In another the diameter at the

alveolar apex is Ij inch.

In a very young state the pearly lamina? about the alveolar apex are sometimes

decomposed, and the guard assumes the delusive shape of ' Actinocamax.' A drawing

has been shown to me in which this fusiform guard, or ' ossicle,' is represented as

separated from the ' nucleus ' of the phragmocone, but I have seen no specimen of the

kind. Prof. Owen figures ('Phil. Trans.,' 1844, pi. ii, fig. 4) a very young individual,

with the guard and alveolar chamber in their ordinary- relations. The guard is in this

state shorter in proportion than in after-life.

Proportions. In a full-grown specimen from St. Neot's the diameter from back to

front, at the alveolar apex, being taken at 100, that from side to side is 90, the axis is

000; ventral radius 45, dorsal 55. The section is slightly oval, the ventral face rather

broader than the dorsal.

In a young specimen, 3 inches long, the proportions of the diameters are also

100 to 90; the axis is more excentric than in the older specimen, the ventral radin-

being only 30, the dorsal 70, the axis 050.
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Phragmocone. Known in a crushed state by specimens from near Chippenham.

The uncrushed phragmocone has a slightly elHptical section. D'Orbigny gives a very

elUptical section (55 to 45). The characteristic angle, as given by D'Orbigny, is 16° 30'.

I have no good specimen of this part of the fossil.

Locality. In the Oxford Clay of Wiltshire, Oxfordshire, Northamptonshire, Hunt-

ingdonshire. In the Kelloway Rock of Yorkshire. In the Oxford Clay at Vaches-Noires

(Calvados), and Marquise, near Boulogne.

Observatmis. Specimens are often found invested with a sheath of white fibrous

matter, externally rough and of granular aspect, within which the true shell is always

smooth and shining.

I remark the following varieties :

1. Belemnites Owenii (Puzosianus). PL XXXI, fig. 76 ; PI. XXXII, figs. 78, 79.

The guard is smooth and always compressed ; the apicial furrow distinct or faint,

never more than half the length of the axis ; alveolar section elliptical. This is the ordi-

nary form from the Oxford Clay of the Midland Counties. In one middle-aged specimen,

corresponding to B. attenuatus of Mantell, lateral grooves extend all along the post-alveolar

tract.

2. Belemnites Owenii (verrucosus). PI. XXXI, fig. 77.

The surface is ornamented with small, raised, smooth puncta, and undulations com-

posed of these miited. The distribution of these may be seen on the ventral face (u), the

lateral (/'), and the dorsal {d'). On the first it will be noticed that the puncta disappear

towards the apex, and diverge and disappear on the alveolar region. On the sides they

show more of a tendency to gather in linear groups ; on the back this concurrence of the

puncta makes short undulated ridges, which grow larger, but more dispersed, on the

alveolar region. Tiie apex shows signs of very short plications. Only one specimen is

known to me, found by Mr. J. E. Walker, at St. Neot's, with Ammonites Duncani. The

reader may compare the curious granulation in this specimen with that on B. wfimdibulum

(PI. I, fig. 3), with that on specimens of Belernnitella granulata, and with the diverging

ornaments on a Sepiostarium.

If further research should produce additional specimens, possibly there may be found

reason to adopt a specific name for this fossil. But the surface-ornament being at present

the only difference observed between this guard and ordinary specimens of B. Owenii of

the same size, I prefer to mark it as a variety.
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3. Belemnites Owenii (tornatilis). pi. XXXII, fig. 80.

The guard is very smooth, less compressed than in the typical forms ; more cylin-

drical, with a longer, deeper, and narrower ventral furrow (fig. 80). This furrow, indeed,

occupies the greater part of the axial length of the guard ; in middle-aged specimens an

old specimen shows some trace of lateral flattenings. From the Kelloway Rock of

Hackness and Scarborough. It is not unlikely that this may be found to deserve to be

regarded as distinct specifically.

Belemnites strigosus, n. s. PI. XXXII, fig. 81.

Guard. Very long, slender, cylindro-conical, compressed, acuminated, smooth, with

a distinct longitudinal furrow drawn from near the apex, on the ventral face, through

two fifths of the length of the axis, and thence continued in a slighter depression

towards the alveolar region.

Transverse sections of the guard show an oval contour, the sides flattened ; the

venti-al face broader than the dorsal ; in the alveolar region the dorsal part of the shell is

much thicker than the ventral part.

Greatest length of the one specimen seen 7^ inches, of which the axis is 62 inches

;

greatest diameter of an inch,

Proport'mis. The diameter at the alveolar a])ex from back to front of an inch)

being taken at 100, that from side to side is about 80, ventral radius about 40, dorsal

radius about 60, axis ICOO.

Phragmocone. Unknown. The alveolar section is nearly circular, the angle appears

to be about 20°.

Locality. In the upper ])art of the Oxford Clay, in Cowley Field, near Oxford ; one

specimen, presented to the University Museum by W. B. Dawkins, M.A., the first

Burdett-Coutts Scholar.

Ohsermiions. This remarkable fossil carries to extreme length the essential characters

of the group of tornatile Belemnites, the cylindro-conical outlines, the slight compression,

the apicial groove, and low angle of phragmocone. Having but one example to con-

sider, I am unable to describe the variations due to age and accident, but it would be

very agreeable to be furnished with evidence on these points. I have seen no foreign

specimens corresponding with this species; but D'Orbigny's fig. 3, pi. xvi, somewhat

resembles it. A thin white external layer appears on the specimen, not the fibrous layer

noticed in B. sulcatus and B. Owenii.
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Belemnites spicuLARis, 11. s. Pi. XXXVIII, fig. 82.

Guard. Cylindrical (hastate when young), tapering evenly to a point, much com-

j)ressed to an oval section, with a faint ventral groove drawn from the apex through

two fifths of the length of the axis ; a few striae about the apex, especially on the dorsal

asi)ect.

Transverse section oval, the ventral face broader than the dorsal. Substance varied

by bands of brown (sepia-tint) and honey-yellow spar.

Greatest length observed 10 inches, greatest diameter I hich. Shortest specimen 1 inch

long ; it is of the form PI. XXXIII, fig. 82

Proportions (old). Taking the diameter at the aveolar apex at 100, the diameter from

side to side is 90 +, the axis 1000; the excentricity of the axis variable, in some speci-

mens small, in others the ventral radius = 40, the dorsal 60.

Phragmocone. Incompletely known. The section is elliptical, within a ring of the

guard-fibres everywhere of nearly equal thickness ; the phragmocone section more elliptical,

therefore, than the section of the guard. The angle in one of Lieut. Patterson's specimens

appeared to be 18° at the apex, 15° in a more advanced part of the shell. The apex of

this phragmocone was placed at about one third of the diameter from the ventral margin.

Locality. Eathie Burn, and Shandwick, on the coast of Cromarty : collected in great

abundance and in excellent condition by Lieut. Patterson, who gave me much informa-

tion as to the circumstances under which he obtained the specimens and the accom-

l)anying fossils. He further assisted my researches by presenting to me a set of

photographic representations of much interest.

The fossiliferous strata of the Mesozoic system on this coast have been usually described

as Liassic, and on a first view of the shale and these Belemnitic fossils such an opinion

might be readily adopted. The Belemnite now in question has analogy to some of the

long species of the Upper Lias, such as B. tripartitus, while the next to be mentioned

seems to revive the memory of B. longissimus of Miller. Their affonity, however, is with

the long species of the Oxonian stage in the Oolitic system. Among the accompanying

fossils I observed in Lieut. Patterson's collection Gryphma dilatafa, large and small

;

Perna ; Avicula Braamburiensis ; Pleurotomaria ; Aiimonites resembling, if not identical

with, A. vertebralis, Sow., A. excavaius, Sow., A. flcxicostatus, Phil., A. plicatilis, Sow.,

A. Gowerianus, Sow., A. bijAex, Sow ; scales of Lepidosfeus ; cervical vertebrae of

fcldhyosaurus. The Belemnites form a bed in the shale.

Observations. It is difficult to fix upon any definite characters by which to distin-

guish this Belemnite from B. Oweiiii, except the greater proportionate length of the axis

and the faintness of the apici-ventral groove. The slight striae about the apex are only

seen on one or two specimens.
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Belemnites obeliscus, n. s. PI. XXXITI, fig. S3.

Guard. Very long, almost uniformly tapering to a point, compressed, smooth, or with

traces of longitudinal interrupted undidations. In some specimens a defined lateral

flattening (PI. XXXIII, /', l^). No distinct apici-ventral groove.

Greatest length observed 9^^ inch ;
greatest diameter in this specimen, just before

the conical expansion, less than ' an inch. In shorter specimens, 65 inches long, the

corresponding diameter is nearly the same ; in still smaller examples, 31 inches long, the

diameter is 5 of an inch. It seems as if two varieties exist, one much longer in propoi-

tion than the other.

Proportions. The normal diameter at the alveolar apex being taken at 100, the trans-

verse diameter is 84 ; the axis in the longer variety 2000 and more, in the shorter 1500

The excentricity of the axis appears to be very small.

PuRAGMOCONE. I have only been able to observe the cross section, which is less

elliptical than the sectional outline of the guard, the guard-fibres being longer on the

back and front than on the sides. In this the fossil is analogous to some Liassic forms.

Locality. Eathie Burn and Shandwick, with the last-named species.

Observations. Not only do the unequal proportions of different specimens suggest the

idea of a sexual distinction, but the whole group, compared with B. spicularis, leads to

reflections of the same order. The guard is colour-banded, as is that of B. spicularis.

On a Gkoup of Belemnites allied to Belemnites excentricus op Blainville.

Lister, in his 'Plistoria Anim. Angliac,' pp. 226-228, has the following description of

a Belemnite of this group :
—" Titulus xxxi.

—

Belemnites ni(jer, maximus, basi forata."

Among the remarks on this species we find " Perfricatum cornu combustum aut quoddam

bitumen olet." " In tota iUa agri Eboracensis regione montosa, qui Blackmore appellatm-,

prjEcipue abundant ; item in rivulo juxta Bugtliorp, et alibi reperti sunt." The Black-

more fossils belong to B. ahhrcviatus; a large fragment was above three inches in circum-

ference. Bugthorp is on the Lias.

Lhwyd, in the ' Lithophylacium Britannicum,' notices Belemnites of this group, from

the vicinity of Oxford, No. 1667:

—

Belemnites maximus oxyrrliynchus, four inches in

girth where largest. Cowley, BuUington, Marsham, Stansford, Garford, the localities

mentioned, indicate the species to have been what Miller called B. ahhreviaius.

Smith, in the ' Stratigraphical System,' p. 50, describes a Belemnite as elongate, rather

four-sided, from Wotton Basset and Shippon, in the Coral Rag, p. 43, and another, quite

similar, from the Kimmeridge Clay of North Wilts.

Miller described these forms as B. abbrevialus ; his followers have often assigned that

name to a species from the Inferior Oolite.
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Young and Bird, in their volume on the Yorkshire coast (ed. 1, 1822), notice a

similar Belemnite, and give a figure (pi. xiv, fig. 4), and name it B. excentralis, describing

it as found in the " Oolite, Upper (Speeton) Shale, and Chalk." This is incorrect, but, as

will be seen, the large Speeton Belemnite belongs to the same natural group.

De Blainville, in 1827, describes and figures in his pi. iii, fig. 8, 8«, B. excentricus,

froni Vaches-Noires, remarking that Miller's B. abbreviatus much resembles it.

D'Orbigny revives Young and Bird's name for a species which he figures (pi. xvii)

;

but in the text (p. 120) he makes no reference to those authors, and uses the name

given by Blainville.

In the second edition of the first volume of my work on the ' Geology of Yorkshire

'

I restored to the great Belemnite of the Malton Oohte the name assigned by Miller, and

mentioned the large Speeton Belemnite as B. lateralis. An undescribed form in the

Kimmeridge Clay of Oxfordshire, and another in the Tealby beds of Lincolnshire, will

complete this series of excentral Belcmnites, as far as I know them.

Belemnites abbreviatus, Miller. Pis. XXXIV, XXXV, figs. 84—93.

Reference. B. niyer maximus. Lister, 'Hist. Anim. Angliae,' p. 226, 1678.

Belemnites maximus oxyrrhynclms, Lhvvyd. (No. 1667.) 1699.

B. excentralis (in part), Young and Bird, ' Geology of the Yorkshire

Coast,' pi. xiv, fig. 4, 1822.

B. abbreviatus, Miller, ' Geol. Trans./ 2nd series, vol. ii, pi. vii,

figs. 9, 10, 1823.

B. excentricus, Blainville, 'Mem. surles Belemn.,' p. 90, pi. iii, f. 8, 1827.

B. excentricus (also called excentralis), D'Orbigny, ' Pal. Frang., Terr.

Jur.,^ p. 120, pi. xvii, 1842.

Guard. CyHndrical ; sides flattened or somewhat hollowed longitudinally ; apex

produced, compressed, sometimes incurved; ventral surface broader than the dorsal; a

flattening near the apex, on the ventral surface.

Very old specimens have the apicial region much compressed, produced, and incurved ;

sides flattened by broad, shallow, longitudinal depressions, Avhich continue over a part of

the alveolar region, and are there gradually lost.

Young specimens are shghtly hastate, very young ones distinctly so, with little trace

of the lateral hollow.

Longitudinal sections show the axial line to be very excentric, especially so in the

retral part of the guard, and in old specimens considerably curved.

Transverse sections present a somewhat four-sided outline, the ventral surface being

struck to a flatter curve than the dorsal, and the sides flat or a little concave.

The length of a very large example is 8 inches ; of another smaller, but extending
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iavtlicr along the ])hragmocone, 11 inches; the greatest diameter before the conical

expansion of the sheath over the phragmocone 1| inch. The smallest which has occurred

to me is little more than 1 inch long.

Proportions in full-sized specimens. Taking the dorso-vcntral diameter at the alveolar

apex at 100, the transverse diameter is about equal to it, the ventral radius is 32, the

dorsal 08, the axis 250, justifying Miller's title of ^. «^(^rm«?'w.s. Li young specimens

the axis = 300. Cross sections near the apex show a still greater excentricity, the axis

curving towards the ventral surface.

Phragmocone. Conical, a little incurved towards the ventral line, with an almost

perfectly circular section ; sides inclined at an angle of 18°, except near the apex, where

it is greater (above 20°). The septa are numerous, lie at right angles to the axis, with

plain imwaved edges, and are penetrated by a marginal siphuncle.

Localiiy. In the Coralline Oolite and Calcareous Grit of Yorkshire at Malton, Scar-

borough, &c. In the same strata at Heddington, Cowley, Bullington, &c., near Oxford
;

near Calne, Weymouth, &c. In France, at Vaches-Noires and Marquise in Oxford Clay.

D'Orbigny quotes it from near Moscow. In Oxford Clay, Cowley, near Oxford. In

Kinmieridge Clay, Shotover.

Varieties. In progress from youth to age, this Belemnite experiences considerable

changes, as may be inferred from what has been said in respect of the guard. Besides

these ordinary changes of form and proportion, it appears desirable to distinguish two

types of general shape, which occur in large specimens in some degree of relationship to

the stages of the strata.

a. Belemxites abbreviatus (oxyruynchus).

Large, cijlindroidal, slightly bent, with incurved, produced, flattened apex. Viewed

on the front or back, the sides are seen to contract rather suddenly from a cylindroid

part to the apex in the architectural form knowm as ogee (fig. 84, 0) ; viewed sideways, the

dorsal outline is continued in a convex form to or nearly to the apex, while the ventral

outline becomes concave under the apex (PI. XXXIV, fig. 84, /')•

Locality. The Coralline Oolite of Malton, Oxford, and Wilts. An abnormal specimeif,

which places these characters in a strong light, is presented (PI. XXXV, fig. SO) from

near Oxford.

/3. Bl'.LEMNITES ABBREVIATUS (EXCENTRICUS).

Large, conoidal, with sides almost straight, converging through the whole post-alveolar

19
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s])acc of the guard, the dorso-ventral diameter being in that part much greater than the trans-

verse diameter. The general figure is that of Belemnites explanatus (PI. XXXVI, fig. 96).

Locality. The Oxford Clay, upper part, at Cowley, near Oxford. The Calcareous

Grit and Coralline Oolite near Oxford.

This variety agrees well with the description and figure of Blainville (' Mem. sur les

Belemnites '). D'Orbigny makes the phragmocone section to be more elliptical than it

usually is, and the axis less excentric than usual ; there is also something about the outlines

not as we commonly see them.

Remarks on Specimens of Belemnitiis abbreviatus, var. excentricus, in the

Cabinet of Mr. Wetherell.

The axial line of the guard is in many instances excavated into a canal which grows

narrower towards the apex. This is especially the case in specimens obtained from

the Drift of Finchley, near London, from which a great variety of fossils of the Oxford

Clay and other strata lying to the northward has been obtained by Mr. Wetherell. In

the large collection of that gentleman are very many excellent examples of this struc-

ture, and by careful study of them in comparison with other undisturbed specimens in

the Oxford Clay, Calcareous Grit, and Oxford Oolite, we arrive at a clear view of a very

curious subject, of which, at first sight, it might seem difficult to form a correct opinion.

Fig. 88, PL XXXV, represents the surface produced by a splitting fracture through a

Belemnite in Mr. Wetherell's collection. Fractures of this kind are not infrequent in

nature, and are easily produced by intention. The surface thus presented is usually flat

and smooth in the ventral portion, as if a natural fissure existed there, but commonly

uneven and more or less hackly in the dorsal portion. The hollow left by the spherule

is sometimes traceable at the apex of the alveolar cavity, the phragmocone being generally

absent in the specimens under consideration, but not seldom the alveolar cavity contracts

gradually to the canal without any distinct enlargement at the alveolar apex.

In the figure referred to the canal is seen to contract gradually until it finally dies

out before reaching the apex. Examined with microscopic powers of 10 and upwards,

tlie canal is found to be crossed by many ridges at nearly equal intervals, so as to

suggest the appearance of an annulated or half-chambered canal, in continuation with the

cavity or the spherule of the phragmocone (see fig. 91). The seeming septa of this canal

are found by more careful research to be the truncated edges of the successive laminae of

the guard (see figs, m, m"), each conspicuous lamina giving origin to one septum. This

appears quite certain under the lowest power of a good achromatic microscope, which

discloses, moreover, that the laminae thus referred to appear to be often composed of two

or three thinner layers, some dark, others paler, and probably more nacreous in substance.
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Following the canal till it closes, the laniina? are seen to lose their truncations, and to

acquire the complete curvature.

After careful study of many specimens, no doubt remains in ray mind that the canal

has been produced by the removal of the apices or terminal parts of the interior lamina-

of the guard. This process began at the alveolar cavity ; it happened during life, and

was occasioned by decay and absorption of the apices in the earlier stages of life.

That these special parts might be of somewhat different composition from the other

parts of the laminte is suggested by some other cases in which terminal porosity and an

axial canal have been noticed ; and it is quite in agreement with two other cii'curastances

to be observed in these fossils. First, it is to be remarked that the alveolar cavity in these

Belemnites often appears marked by the undulated anterior edges of the lamina) of the

guard, which terminate in this cavity (see figs. 88, 91, 92), and show white, thin, sparry

plates, in consequence of the removal of parts of the laminae. And again, some of

the specimens show a curious appearance of a second canal going from the alveolar

cavity (figs. 90 and 92) near its apex. This, being carefully studied, is found to be occa-

sioned by the removal of some of the laminae of the sheath for a certain space inwards

from the alveolar cavity, leaving a kind of slit where the removal has happened.

In later life the deposited sheaths were, in general, not removed by decay or absorp-

tion (see figs. 87, 88).

ON THE BELEMNITES OF THE KIMMERIDGE CLAY.

After diligent search in this clay near Oxford, where it is about 1 OOfeet thick, and is pretty

well exposed in brickyards and in quarries of the Coralline Oolite, and after a careful search in

the escarpment of Portland, I find, speaking generally, a remarkable accordance between

its Belemnites and those of the Oxford Clay known as B. abbreviatus excentrictis, B. Owenii,

and B. hastatm. This analogy was, perhaps, to be expected, inasmuch as Ammonites of

the groups of A. vertebralis and A. Uplex occur in both clays.

Taking first the specimens allied toB. abbreviatus excentricus,\t would,! think, be difficult

to assign characters of sufficient weight to claim a specific distinction, though in old speci-

mens the ventral surface is more flattened towards the apex, and in yoinig specimens the

whole of the guard is depressed behind the alveolar region. In this respect the young

forms closely resemble those of B. Souichei (D'Orbigny, 'Ter. Jur.,' pi. xxii, figs. 4—8),

which was found in beds referred to the Portland scries at Ilauvringhen (Pas de Calais),

and at the Tour de Croi, near Boulogne. These forms differ from those of the same age

from the Oxford Clay and Coralline Oolite.

Next, we may consider the longer forms, like B. Oicenii, of the Oxford Clay. Of these
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some appear to me quite indistinguishable from their analogues in the older deposit
;
they

occur of equal magnitude with therm, but not in equal abundance, in the upper part of

the Kimmeridge Clay of Shotover Hill, where it was cut through by the railway. One

extremely lengthened variety of this Belemnite occurs at Shotover, reminding us of

B. spicularis from the shore of Cromarty.

Besides these is a young depressed Belemnite much like the young B. hastatns of the

Oxford Clay ; these occur near Oxford and in Portland Isle.

Belemnites explanatus, n. s. PI. XXXVI, figs. 94, 95, 96.

Guard (old). Conoidal, tapering gradually to a rather compressed apex; sides more

or less broadly channelled ; ventral aspect flattened and somewhat expanded, becoming

concave towards the apex (a few dorsal striae about the apex are sometimes seen).

Dmensions. Axis about 3 inches ; diameter at the alveolar apex 0"85 inch.

(Young.) Depressed, smooth, flattened on the ventral aspect, and hollowed, or

marked by a narrow groove towards the apex, which is slightly curved ; sides more or less

marked by a shallow continuous furrow (a very young form is almost fusiform).

Dimensions. Axis in the smallest about 1 inch, with a diameter of 2.5 inch.

Proportions. Axis in young specimens 400—450. The diameters at the alveolar

apex 100 from front to back, 115 from side to side. In old specimens the axis is about

350, the transverse diameter 107, the dorsal radius 64, the ventral 36.

Locality. In the upper part of the Kimmeridge Clay of Waterstock, near Thame.

Specimens of different ages— young (not middle-aged) and full-grown—have been

presented to the Oxford Museum by Mrs. Ashworth. In the upper part of the same

clay at Hartwell, near Aylesbury, with Cardiiim incgqinstriatim, Astarte Hartwelliana,

and Ammonites biplex. In the Kimmeridge Clay, upper part, where cut through in the

railway-tunnel, at Wheatley, near Oxford.

Observations. On many accounts this form of Belemnite is of interest in the study of

the series to which it belongs. On the one hand its resemblance to the older type of

B. ahbreviatus {excentricus) of the Oxford Clay and Oolite, and on the other to that of

Speeton, in Yorkshire {B. lateralis), is such as to offer a most instructive example for

study, in relation to the derivation of successive specific forms by hereditary trans-

mission with modification. But this must be considered hereafter.





EXPLANATION OF PLATE XXVIIL

Fig

67. Belemnttes hastatus.

Three views of a large specimen from the upper part of the Oxford Clay in

Cowley Field, near Oxford ; in the Cabinet of Mr. Parker. Fig. 67, /, lateral

view, showing the rather faint oblique groove ; v, the ventral aspect, with

its deep characteristic furrow, suddenly followed by a shallower channel

:

f/, dorsal aspect ;
s', the cross section of the alveolar cavity ; s" , section

across the expanded part of the guard.

68. Two views of a specimen from the Oxford Clay of Northamptonshire, presented to

the Oxford Museum by Mr. Leeds, B.A., of Exeter College.

/'. Lateral view, showing the oblique groove ; v , ventral aspect, showing the

deep mesial groove expanding retrally
; /, the cross section of the

alveolar cavity ; cross section of guard in the narrowest part

;

s"\ cross section in the widest part
;

s"", cross section near the apex

;

^, a compressed phragmocone, partly covered by the guard.

69. Young specimens from the Oxford Clay of St. Ives, presented to the Oxford

Museum by Mr. J. F. Walker, of Sidney Sussex College, Cambridge.

Lateral view, showing a recurved apex ; ventral aspect of the same
;

s^, cross section of alveolar cavity
;

s^, cross section of enlarged guard :

^;^ ventral aspect of a younger individual ; I* and y*, views of a still

younger shell
;

v", views of a shorter and more bulbous example

;

v^, y^, views of the bulbous variety, with interrupted ventral groove.

70. ju. Deformity. The specimen is from the Oxford Clay of Cowley Field, near

Oxford. Cabinet of Mr. Parker.









EXPLANATION OF PLATE XXIX.

Fig.

71. Belemnites sulcatus. Specimens from the Oxford Clay at Summertown,

near Oxford.

V. Ventral aspect of a full-sized specimen ; the groove somewhat less dis-

tinctly marked than in other cases, and slightly interrupted.

v. A yomiger specimen, showing a more marked change of depth in the

ventral furrow and its continuation over the alveolar region ; s, cross

section of the alveolar region of the guard, depressed.

s'. Longitudinal section, from back to front, showing the phragmocone

i/i situ, its apicial spherule, and a short lanceolate canal, formed by the

decomposition of laminae, as shown in a'.

s". Another longitudinal section showing very similar facts ; the canal

somewhat more extended in a".

s. Cross section of the guard, showing the inflection of the laminae to form

the ventral groove, and lacunar of a remarkable kind.

72. Young specimens from Summertown, near Oxford ; /, lateral ;
v, ventral aspect

;

s', alveolar cross section, nearly round ; s", post alveolar section, nearly round ;

ill, magnified surface, the shell dotted with granules, and covered by a partially

fibrous layer. Such a layer occurs on some Australian and on some Indian

Belemnites.

73. Youngest examples which occur near Oxford, at Cowley, and Long Marston ;

y, ventral aspect, the groove distinct on the alveolar region; y', the still younger

shell ; alveolar cross section.
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EXPLANATION OF PLATE XXX.

Fig.

74. Belemnites sulcatus. Specimens of full size from the Oxford Clay of St.

Neot's
; presented by Mr. J. F. Walker, of Sidney Sussex College, Cambridge

;

/, lateral view, showing a very slight flattening
;

v, ventral aspect, showing the

groove widening and growing shallow over the alveolar region, partially inter-

rupted toward the apex, with striation parallel to the groove
;

s, cross section

of guard, slightly depressed.

75. Specimens from Weymouth, v, ventral surface, showing the groove growing

wider and shallower both toward the apex and over the alveolus
;

d', dorsal

aspect
; s, cross section of guard nearly round Fig. 75, lateral view of

another specimen, showing a slight flattening ;
v", ventral aspect, the groove

widening over the alveolar and apicial regions, with striae of decomposition

parallel to the groove
;

s", alveolar cross section ; s", cross section of guard.
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EXPLANATION OF PLATE XXXL

Fig.

7fl Belemnites Owenii, var. Puzosianus. Specimens from the Oxford Clay of

St. Neot's, presented by Mr. J. F. Walker.

/, full-sized specimen seen laterally ; f', middle-sized individual, showing the

apicial groove distinct; v"
,
younger individual seen ventrally, with its

apicial groove ; side view of the same ; v" , still younger example

seen ventrally ; and /"', seen laterally.

77. Belemnites Owenii, var. verrucosus. From St. Neot's, presented by Mr.

J. F. Walker.

v , seen ventrally ;
laterally ; d' , dorsally ; s , cross section in the alveolar

region.
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Fig.

78. Belemnites Owenii, var. Puzostanus. From St. Neot's, presented by Mr.

Walker ; v, ventral face, with strongly marked apicial groove reaching to the

point ; /, lateral view. The cross section is oval.

79. Belemnites Ow^enii, var. Puzosianus. From St. Neot's; v, ventral aspect,

showing an almost evanescent apicial depression ; d, dorsal aspect ; s, the cross

section of the alveolar region.

80. Belemnites Owenii, var. tornatilis. From the Kelloway Rock of Hackness,

near Scarborough; v, the ventral surface expanding anteriorly; cross section oval.

81. Belemnites porrectus, n. s. From the Oxford Clay at Summertown,

presented by Mr. Dawkins ; v, ventral aspect, showing a strong, sharply cut

apicial furrow, and its anterior extension ; cross section oval.









EXPLANATION OF PLATE XXXIIL

Fig.

82. Belemnites spicularis, n. s.

Specimens from Sliandwick and Eathie, on the coast of Cromarty, collected

by Lieut. Patterson ; ventral aspect of one of the larger specimens, showing

the apicial groove ; /, lateral view, showing the long side flattening, and a

trace of short apicial grooves ; d, the dorsal aspect, marked by some small

striae ;
/', one of the youngest specimens in Lieut. Patterson's series ; s, cross

section of guard at the alveolar apex ; s . section of a smaller specimen

toward the apex ; s' , still nearer the point.

83. Belemnites obeliscus, n. s.

Specimens collected by Lieut. Patterson at Shandwick and Eathie ; one of the

longest examples, seen sideways; /", one somewhat smaller, /"', still smaller,

and one of the smallest observed ; v" , ventral aspect of a small specimen,

and of a still smaller
; .s', alveolar cross section ; post-alveolar section

across the guard ; s'", farther backward in the guard.
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EXPLANATION OF PLATE XXXIV.

Fig:.

84. Laro-e specimens of Belemnites abbreviatus, from the Coralline Oolite of

Yorkshire and Wiltshire.

/'. Side view, showing a broad lateral depression, and the incurved apex

;

v , ventral aspect, showing a flattening near the apex. The specimen

is from Malton, in Yorkshire.

^. Showing the phragmocone in situ, and the numerous septa, at right angles

to the axis. The specimen is from the Calcareous Grit of Seend, in Wilt-

shire. The drawing was made by Miss Anne Cunnington.

s'. One of the septa seen axially ;
s", cross section of the alveolar region

;

s", cross section behind the alveolus ; s"" , section near the apex, to show

the compression.

85. Younger individuals from Hcddington, near Oxford, and Malton, in Yorkshire.

/". Middle-aged specimen seen laterally ; s" , alveolar section of the

same.

Specimen seen ventrally, with distinct apicial depression ; v" , smaller

example, a little hastate
;
y", the youngest observed.

/"', A very young specimen seen sideways, a little hastate.
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Fig.

86. A specimen of Belemnites abbreviatus (seen laterally), compressed, and

unusually bent at the apex; Heddington.

87. Section of Belemnites abbreviatus, with the phragmocone in situ. The

bending of the axial line of the guard is not often so remarkable as in this case,

even in old specimens ; it is characteristic of full growth.

88. A specimen with less curvature at the point, and less flexure of the axial line.

From the Drift of Finchley, in Mr. Wetherell's collection.

89. Natural section to show the decay of the axial laminae at their apex ;
Bullington,

near Oxford.

The following figures are taken from specimens in the Collection of Mr.

Wetherell, from the Drift at Finchley.

90. Section showing the formation of an axial canal and a vicinal fissure on the

ventral side.

91. Section of another specimen.

92- Other sections, in which a small collateral ventral slit appears in the laminae.

93. Section in which the canal appears interrupted.

m , m ,
111." , m" . Magnified views of the laminae in relation to the canal.









EXPLANATION OF PLATE XXXVL

Fig.

94^—96. Belemnites explanatus, n. s.

94. Young specimens from Aylesbury, in the upper part of the Kimmeridge Clay.

V , v", v". Aspect of the ventral face, showing the flattening and slight furrow

toward the apex.

Lateral aspect, showing the longitudinal depression.

8. Section across the alveolar region ; s", section further back on the guard.

95. Specimens more advanced in growth, from Waterstock and the Railway-cutting

in Shotover Hill, in upper part of Kimmeridge Clay.

Lateral view, showing the longitudinal groove ; v'\ ventral aspect of the

same, showing the apicial flattening; v\ the same view of a somewhat

larger individual.

•s'". Section across the alveolar cavity ;
s'", across the same cavity near

its apex.

96. Full-grown individual from Waterstock, upper part of Kimmeridge Clay.

v'\ Seen on the ventral aspect ; the apicial depression wide.

r\ The same seen sideways ; the lateral depression very distinct, the apex

somewhat bent downward.

6?". The same seen dorsally, where no trace of farrow appears.

8\ Section across alveolar cavity ; s", section behind the alveolar apex ; a, the

apex seen axially, to show its compression.
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disposed coiiceiitncally round a middle point, as in Tt. Crouchii, but this portion of the

shield is apparently elevated into a slight convex boss. The surface-striations of IH.

rodraius differ considerably from those of Pt. Crouchii. They are very fine, the

groovings being only of an inch apart near the centre of the disc, and leaving a

rounded dull ridge with crenate margins between them.

Localities.—This species occurs abundantly at Cradley, near Malvern, Herefordshire
;

and in beds of the same horizon at Whitbach and in the neighbourhood. It is found

associated with Scaphaspis Lloydii.

3. Pteraspis Mitchelli, Poivrie. PI. V, figs. 1, 2, 0, 10, II.

Pteraspis Mitchelli, Powrie. Geologist, vol. vii, pp. 1/0— 172, 1864.

— — Lankester, Brit. Assoc. Report, Trans. Sect., p. 58, 186 1

.

I have not had specimens of this species sufficiently perfect to enable mc to charac-.

terise it properly. The specimen figured (PI. V, figs. 6, 10) was briefly noted by ^Ir.

Powrie in the 'Geologist,' in 1SG4, and an outline-sketch was given. The lateral cornua

are not seen, but the disc, rostrum, and spine are, to a certain extent. The disc appears

to be intermediate in form between that of Ft. rostratus and Pt. Crouchii. The specimen

and others even less well preserved were obtained by ]\Ir. Powrie from quarries in

Forfarshire, where TIeferosfraci had been discovered for the first time in Scotland by

the Rev. Hugh Mitchell.

A few rhomboidal scales also obtained by Mr. Powrie from this locality (PI. V, fig. 1

)

probably belong to this or an allied species.

§ IX. Sectio B.—OSTEOSTRACI.

We have now to consider the forms which are represented by the original type

Cephalaspis Lyellii of Agassiz, which have bone-lacuna; as structural elements of their

shields, a tubercular ornamentation of the surface, and mesially placed orbits. The

bodies, with the scales and fins, of some of these fishes have been discovered, and arc of

the greatest interest, but are not sufficiently common or well known to allow of their

being used in framing generic and specific distinctions. The division into genera of the

Osteostraci is based upon the presence or absence of plates in addition to the cephalic

shield, and upon the form and relation of this additional piece with regard to the cc>phalic

shield.

The species are most safely distinguished by the character of the superficial tubercular

ornamentation ; where that is not possible the general outline of the head nuist be
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depended on. But this is a very unsafe criterion, since, owing to tlie fact of its being

xeij thin, the shield is liable to the most deceptive distortion. Examples of this are

familiar to all who know the fish-heads of the Herefordshire Cornstones. So great is the

uncertainty in this matter, that I have had much doubt as to the distinction between the

Scotch type-specimen of C. Lyellii in the British Museum and another Scotch specimen

in the museum at Arbroath, and again between these two and the common Herefordshire

species included by Agassiz under Cej)7ialaspis Lyellii.

Before proceeding to the description of genera and species, in Avhich I shall rely more

on the figures than on the words wdiich can be used to describe them, remembering the

motto inscribed by the illustrious Delia Chiaje in one of his works, " Res non verba," a

few general remarks may be oflTered with regard to the variations of the shield in

structure and form, and also a general description of the body-scales and fins.

1. Variations in the Intimate Structure.—Eor a general description of the minute

structure of the test in the Osteostraci I must refer back to page 7 of this Monograph,

and also to the plate of microscopic drawings and explanation accompanying this part.

The microscopic structure of Cephalaspis Lyellii and of the large form called Ceplialaspis

asterolepis by Dr. Harley^ has been carefully studied, bat of other species proper material

has not come to hand. In Anchenaspis and Didymastpis I was able to ascertain the

presence of bone-lacunae of an elongated character, with their long axes crossing in the

various layers, thus giving the appearance of cross-hatching described by Prof. Huxley.

In the so-called Steganodidyum Carteri to w^hich I called attention in the ' Quart. Journal

of the Geol. Soc.,' 1868, p. 547, as being really an Osteostracous Cephalaspid (the

Steganodidyum Cornubicum having been pronounced a Pteraspid by Prof. Huxley and

Mr. Salter), I have found small bone-lacunae with very numerous fine canaliculi interlacing

in every direction. The lacunae w^ere not elongated, and were smaller in size than those

in the low^er portion of the shield of Cephalaspis Lyellii.

2. Variations in the Surface-marldngs.—The tubercular ornamentation wdiich appears

to 1)0 a constant characteristic of this section of the ancient Sturgeons presents con-

siderable diversity of arrangement. In some cases each hexagonal area (described at

page 8, and figured in PI. XIV, fig. 7), supports a simple tubercle or one large

Tubercle and a smaller one. In other cases there are many of these tubercles, of a

smaller relative size, placed irregularly on the area
;

or, again, there may be a central

tubercle surrounded by six or more smaller ones, like a miniature volcano w-ith its

secondary cones. At the margins of the shield, and especially on the 'cornua,' the

tubercles become very closely packed and elongated. The tubercular ornamentation is

continued on to the under surface of the shield, to some extent, along the enlarged

margin and its posterior expansions (see woodcut, fig. 12), just as in Fteraspis the

striations of the surface were shov^^n to continue on part of the inferior surface of the

rostrum, and along the margin formed by the hollow cornua. The meaning of this

^ This species is not to be distinguished from the CepJialuspis Sahvey i Egcrton.
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continuation of the superficial marking to the inferior surface is, of course, simply that

the parts of the inferior aspect of the shield so marked were as anatomically superficial

as the tuberculatcd superior surfiicc. The recognition of this fixct is im{)ortant, as being

inconsistent with the supposition of a mouth reaching along the margin of the fish's head,

which involves the notion that the upper jaw is formed, as it were, by the margin. Probably

no one acquainted with recent forms allied to the Ceplialaspida would hazard such a

conjecture. The woodcut, fig. 15, is interesting to compare in the consideration of this

matter. The tubercles on the margin of the shield sometimes assume a very spinous or

even tooth-like form, e.(/. in the species C. asper and Ealcerasjns pastulifer (see woodcut,

fig. 23), and hence it is not surprising that detached portions of the margin with its

tubercles should have been mistaken for bits of fish-jaw. On the inner side of the

cornua the tubercles are modified ; even the common Herefordshire species presents

the form of long tooth-like excrescences, and in C. asper, one of Mr. Powrie's disco-

veries, the scales, which are always tuberculatcd in the Osteostraci like the head-shield,

present very close-set and acute spinous ornamentation (PI. X, fig. 5).

The tubercles themselves are generally round, with a bright and smooth surface,

similar to that of the intervening matter, both resembling in their microscopic structure

the * cosmine ' of Prof. Williamson. In one species discovered by Mr. Lightbody, of

Ludlow, in the beds of the Tilestone group which have furnished the Auchenasjns

SaKeri, the tubercles have a curious truncated appearance, giving them a really crater-

like form. In other parts of the same head-shield, or on what are perhaps additional

posterior plates, the tubercles are intersected by a network of coarse grooves forming

an irregular crocodiloid pattern. The tubercles of Auchenaspis are large in proportion

to the size of the shield ; those of EuJceraspis very closely set and small, though not so

small relatively as those of Cephalaspis Powrici and Cephalaspis A(jcmizii.

The exceeding rarity of the i)rcservation of the tuberculatcd surface in specimens of

Osteostraci must be borne in mind. I have only one specimen of the common Here-

fordshire species that shows them at all well. It is nmch more diflicult to get this

surface in a state of preservation than that of the Pteraspids, difficult as that is to obtain

Frequently the lower layers of the Osteostracous shield are preserved, and have been

mistaken for the true superficies by Prof. Agassiz and by many collectors. When the

matrix is of such a character as to preserve well the test, the shield is very generally

crushed and distorted, so that we are almost invariably offered a choice of evils.

There are no ' pits' on the surface of the Osteostracous shields analogous to those

described by me in the genera Scap/taspis and Pteraspis, which seem to represent the

lateral line.

The scales, like the head-shields in Ccphalaspidce, are to be looked upon as bones or

parostotic formations, and not as mere scales. They belong to the aponeurotic region

spoken of by ;Mr. Parker in his great work,^ and, the ganoin-layer being absent from them,

1 'On tlie Shouldcr-girdl.,' &c. (Roy. Soc), tto, 1S48.
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there may have existed a separate overlying set of scales, though the ornament renders

this unlikely.

Of the Form and Construction of the Shield.—In the Osteostraci the shield is very

greatly convex when not distorted by pressure, attaining an almost hemispherical

curvature in some parts. The test bends over at the margin, and is continued inwards,

forming a hollow rim to the shield, which at its posterior angles widens out, as seen in

the woodcut (fig. 12), forming what may be termed the 'lateral floors' of the cephalic

shield. Since these inflections terminate abruptly, there is no (general floor to the cephalic

box as far as calcareous matter goes. It was completed by a tough skin and a mouth, no

doubt. The test in Cejjhalaspis is, moreover, reflected from the margin and floor against

the roof of the shield, forming a lamina of great tenuity subjacent to the upper tuberculated

lamina which forms the roof of the shield. This secondary 'roof'i thins out towards the

centre of the cephalic plate, and probably became membranous (see woodcut, fig. 13, section

;

and M'oodcut, fig. 12, inferior aspect). The hollow rim must be compared with the

hollow cornua oi Pterasj)is ; and probably like them it had apertures at its posterior angles,

close to the attachment of the pectoral appendages (see fig. 16). In the genus Cephalaspis

proper, which may be placed subgenerically as Eucephalaspis, the shield is ellipsoid in

its anterior portion, and is produced into cornua of considerable length at each posterior

angle. The median portion is also extended in a backward direction, and in the middle

line presents a short spine. In the subgenus Hemicyclaspis the cornua are not developed,

nor is the median portion markedly produced, the whole shield having a truncated

hemispherical outline. In the subgenus Zenaspis the cephalic shield has the character

of that of Eucephalaspis ; but one at least, and perhaps more, scutes placed dorsally in the

median line succeeded it. This arrangement paves the way to Sir Philip Egerton's

genus Auchenaspis, in which the shield is identical with that of Eucep)halaspis, supposing

its median posterior portion but slightly developed, and a large neck-plate soldered to it.

The subgenus Euheraspis, which I have associated with Auchenaspis, though no neck-

plate has been yet found attached to the cephahc portion, possessed exceedingly long

cornua, extending backwards to more than double the length of the shield itself. Other

characters of importance render it desirable to form this subgenus of Auchenaspis. The

genus Didi/niasjns had a neck-plate fully as large as the anterior or cephalic plate, which

appears to have possessed no cornua. The neck-plate may perhaps be regarded as

representing in those genera which possess it the distal portion of the compound

shield of Fterasjris, though it is not advisable to trace a very close morphological

relation between the two groups Heterostraci and Osteostraci in the details of the

construction of their superficial armature. The remarks which were made (p. 17) with

regard to the nature of the suturing or fusion of the pieces of the shield in the Pteraspids

apply to the similar cases among Osteostraci with equal force, the dift'erence of histological

composition in the two cases being, however, duly taken into consideration.

The position of the orbits, and certain very remarkable concavities and eminences

' Observed by Prof. Huxley.



CEPHALASPID^. :37

between and in front of tlicm, are very constant in the Ostcostracous shields. The

structnres alhulcd to arc seen in the woodcut (fig. 11), which has been carefully constructed

from a remarkably well-preserved concave cast of the parts in (piestion of a specimen of

Ceplialaspis Agassizii. Between the orbits is a well-marked tubercle, which I call the

interorhitaljnominence («./;.). In front of each orbit the material of the test is also

raised into a projecting mass, which is to be called Ulc atiforbital prominence (a.^j.).

Between the two antorhital prominences is a very deep depression of the shield,

divided beneath the superficial lamina into two parts by a narrow septum continued

from the interorbital prominence^ which is hollow. The two cavities thus formed

(see also Plates IX, fig. 2, and PI. XIII, fig. 4 a) are the antorhitalfossce {a.f.)} 'i'he

material of the shield forms a somewhat elevated ring round each eye, which may be

Fig. 11. Fig. 12.

»». C. r a.f.

V. a. p. r. p. .1. p. a.

Restored outline sketch of the head-shield of Diagiamniatic view, from below, of the cephalic shiehl

Eucephalaspis ^yassizii. of a Eucephalaspis.

./.antorhital fossa-, i. y;. interorbital prominence, o. r. orbital rings, i. p. interorbital groove, o. ». post -orbital valley, m. c. marginal nil

p. c. posterior cornii,/>. a. posterior angle, /<.r. posterior ridge,/;. posterior spine, r. rira or margin.

designated the orbital ring (o.'r.). Posterior to the interorbitalprominence, and more strictly

placed between the two orbits, which in some specimens it has the appearance of uniting,

like the nose-saddle of a pair of spectacles, is a deep well-defined impression, which

may be distinguished as the interorbital groove {i. g.). Immediately behind this, and

reaching backwards towards the posterior spine, as it approaches which it narrows,

' These occupy such a position as to suggest a connection with the olfactory organ, whici) hence may

be inferred to have been double in these fishes— a fact which makes it certain that, tliough these are the

earliest fishes yet found, they are very far indeed from the frst Vertebrate*, their ancestors or forerunners

;

they are also, it seems likely, far in advance of the ' Protamphirine ' of Ilaeckel.
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is u flattened oblong area, which is even a very httle concave, and may be named

the postorhital valley {p. o. v.). Quite anteriorly and near the margin or rim of the

shield two round masses are indicated by dotted lines {m. c). Like the double antorbital

hollow, they do not appear superficially, but are very constantly to be observed

in specimens, since the superficial [)ortion of the test is so rarely preserved. They

are really areas in which the concavity of the inferior aspect of the shield is not

maintained in its regularity, but increased between the two laminae. Li Euheraspis

(PI. XIII, fig. 12) they are very markedly developed all round the margin of the

shield, and are very conspicuous modifications of its structure. They may be termed

marginal cells. It may, perhaps, seem superfluous to designate each of these

parts by a distinct name, but it is of great importance that they should be clearly

recognised and distinguished, since they are present or are represented in all

genera of Osteoslraci, and were they better known in all tlie species would un-

doubtedly furnish valuable diagnostic characters by their modification and variation.

A glance through the plates will enable the reader to recognise some of them

s Fig. 13.

s superior lamina. i. inferior lamina. vi. margin.

in nearly every specimen figured, whilst in most the crushing or fracture of the

specimen has obliterated some or other of them. The letters p. c. indicate the

posterior cornua, p. r. the posterior median ridge, p. s. the posterior spine, and p. a. the

posterior angles of the shield. It would be important to ascertain with what soft parts

these protuberances and cavities were connected, and what relation they may have to

similar structures in recent fish ; but into this inquiry, as well as that relating to the

' central pit' in front of the disc of Cgathaspis and Pteraspis, I do not propose now to enter,

such an investigation being unnecessary in a descriptive monograph of fossil remains.

Scales, Fins, and Form of the Body in Osteostraci.—The two specimens of

Ceplialaspis figured by Agassiz, in his 'Recherches sur les Poissons fossiles,' gave

some evidence as to the nature of the parts of the body in these fish, but our

knowledge on these matters has been very much extended by the discoveries of

my friend and coadjutor Mr. Powrie in Forfarshire, and by other 'finds' in the

same district. I do not at all suppose that the details ascertained with regard to the

genus Cephalaspis are necessarily true for all the allied forms ; indeed, the existence of

large dorsal plates in the subgenus Zenaspis clearly shows that they are not ; but as yet

the only Osteostraci (the only Cephalaspidce, indeed) of which we have remains of the

body (excepting a few scales of Fteraspis) are Cephalaspis Lyellii, C. Pagei, and C.
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Powriei, and otlicrs less satisfactory of the same subgenus. What is said here, there-

fore, must be accepted as based merely on that limited amount of evidence.

In the first place, it is probably a very constant character that the scabs of the body

present the same tubercular ornamentation as do the head-shields, since it is observed in

all the specimens discovered, and is parallelled in the Heterostraci by the identity of orna-

mentation of the scales and shield of Picraspis. The body in those forms known is very

thin, small, and tapering, probably embracing but a small portion of the viscera, which were

rather covered in by the so-called //cY/cZ-shield. The scales (in Eucophalaspis) are in four

chief series on either side the me.dian line—a dorsal, of oblong rectangular form ; a lateral,

of much longer proportions ; a marginal, projecting from these at an angle ; and a ventral,

meeting in the median line on the ventral aspect, as do the dorsal on the dorsal aspect. In

Eiicephalaspis the scales are in a single roio in each series, with the exception, probably, of

the ventral series, where they appear to be broken up into four or more (PI. XI, fig. 2).

Fig. 14.

Loricaria plafystuma, Giintlier.

The Specimen referred to in the Arbroath Museum is the only one which clearly shows

this remarkable series of scales. Posterior to the dorsal fin the three well-defined rows

of scales, visible when the fish is in a lateral position, become broken up and confused in

a continuous armour of rhomboid scales. The manner of the breaking up of the series I

do not know, since no specimen is well preserved in this part ; but it may be conjectured

from the numerous analogous cases among Siluroids. Prof. Agassiz was led to suppose

that the dorsal series of scales was double on cither side, by the observation of the rhom-

boid scales belonging to the region behind the dorsal fin, and probably also by Mr. Dinkel's

very imaginative representation of the profile specimen (fig. 1, pi. I, in the ' Poissons

fossiles;' and in ' Siliu'ia,' 18G7, pi. 30, fig. 3), now in the possession of Sir Philip
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Egerton. I was completely astonished on comparing the specimen kindly lent to

me by Sir Philip with the figure which has been so widely copied. The specimen

presents the concave surface of half of the head-shield and the inner surface of the

body, showing well the large lateral scales ; but none of the detail as to dorsal scales

which the artist has drawn is to be seen, and there is no real foundation for assigning

two rows to each dorsal series of scales. In Pteraspis undoubtedly there are many

dorsal rows of nearly equilateral rhomboidal scales, and one may be quite prepared to

find that such was the case in some Osteostraci. The restored outline sketch ("woodcut,

fig. 16) of a Cephalaspis [Eucephalasjyis LyelJU) gives a better notion of the relative pro-

portions of the scales than mere words can, especially when compared with some of the

plates. But it is necessary to state again that the locuj in which the series of scales break

Fig. 15 </, 6.

Loricaria platystoma, Giintlier, a recent fresh-water fish, of the Siluroid group, from Surinam.'

up at the dorsal fin is not known. The scales are thicker and broader in C. Lyellii than

in C. Powriei relatively. They are deeply imbricated in each series, and have a consider-

able thickness of structure, histologically agreeing, as far as I have been able to examine

them, with that of the head-shield. The body in vertical transverse section presents a tri-

angular form as seen in fig. 17. It appears that the scales of the lateral series admitted

of considerable movement of the body, though so large and strong ;
for, whereas in the

specimen drawn in PI. VIII they are inclined posteriorly, in that drawn in PI. XI they

present exactly the opposite direction. This is, no doubt, due to muscular contraction, the

1 I have to tliank the Secretary of the Zoological Society for the use of the cuts, figs. 14 and 15,

which illustrate a paper by Dr. Giinther.
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scales becoming overlapped to a greater or less extent, accord-

ing to the angle assumed. Probably each scale indicates a

sclerotom.

Thefins are two pectorals of very peculiar form and character,

a dorsal placed posteriorly and a caudal. The dorsal and the

caudal were known to Prof. Agassiz ; but the pectoral appendage,

though indicated in Mr. Dinkel's drawing in the 'Poissons

fossiles' of the Glaramis specimen (which has since been chiselled

so as to obhterate these organs), are not described in the letter-

press. Mr. Powrie called attention to these strange jjcctoral

organs in the ' Geologist,' 1861, p. 137, and they are well seen

in some of his beautiful specimens illustrated in the plates of

this work. They differ from the other fins in presenting no

trace of fin-rays or of the fine scales which extend upwards

from the base of the dorsal and caudal. They are simply ellip-

soid expanses, with some calcareous matter in their structure,

which has caused them to be preserved, and has rendered

visible, especially in fig. 1, PI. X, a kind of reticulate or areolate

markings, quite peculiar to them. The character of these

fins differing so much from that of the other fins tends to

suggest that they may have had other functions than that of

mere locomotion, and it seems not at all improbable from

their position that they may have been efficient in causing

currents of water to pass to the branchial organs covered in

by the great head-shield (whose outlets are indicated by the

lateral perforations in the shield of Pterasjns), and have thus

aided respiration as well as locomotion, as is observed in the fry

of Teleostean fishes at the present day with regard to the

pectoral fin. These pectoral organs are mentioned here espe-

cially because it seems hardly doubtful that they are charac-

teristic of the group, possibly also of the Helerostraci ; it

is not likely that they were developed in but one single genus

of the closely allied series classed as Osteosfraci.

A very remarkable specimen of shagreen-like structure has

been discovered by ]\Ir. Powrie in Forfarshire, in beds which

have furnished Cep/talaspis. As I have not been able to

assign it to Cephalaspidian fishes, though it may possibly

be connected with them, I only allude to it here. It consists of

a surface covered with minute spinous tubercles, the whole having

the appearance of a fossilized piece of shagreen, and its shape

Fig. If

ephalaspis
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is more or less that of a Cepbalaspid with head and body. The spmous tubercles on some

species of Cephalaspis (PI. X, fig. 5) suggested the idea that this might belong to

the lower surface of one of these fishes, covering in the ventral aspect of the head and the

ventral series of scales
;
being detached, as it v^^ere, in this part of the animal, but adhering

closely to the deeper aponeurotic layers of the exoskeleton in the superior parts, and form-

ing the characteristic tuberculated surface of the shield and scales. There is, however, no

proof of its connection with these fishes, and it seems more probable that it belongs to some

early representative of the Sharks and Rays (representative, perhaps, only in the character of

its dermal ossifications) than that it is the ventral covering of a Cepbalaspid. Its mention

here may incite investigation and lead to the discovery of specimens showing clearly a,

connection, but as matters at present stand there is not sufficient evidence to justify the

introduction further of the specimen into these pages.

Value of Specific and Generic Distinctions.—Before proceeding to describe the genera

and species of Osteostraci, I would allude to the principles Avhich have determined me in

forming genera and species. In the first place, as to species. It appears to be better for the

end of advancing knowledge to signalise a doubtful form by a name, than to pass it over

as a possible variety or questionable species. The error of associating under one head what

are really distinct species is undeniably as great as that of founding new species on

specimens which may eventually prove to be imperfect conditions or locally distorted

states of species already known. The object to be held in view is to attract attention to

the matter in doubt, and this can be best done by the use of a name, which has only to

be rescinded in the event of further discovery rendering it desirable so to do. The

object of a descriptive work such as this, in which the material is fully placed before the

reader, is to point out distinctions and peculiarities in the various specimens studied, and

it seems better in this case to err on the side of division than on that of fusion.

The only use that can be made of generic divisions in the case of fragmentary fossil

remains is to place those things which are ahke in the same group, and those which differ

in different groups, thus pointing out the gaps in om* knowledge of the continuity of

forms. If our knowledge were more complete there would be greater difficulty in

indicating groups, a fact which is true for all groups of organisms. Grouping is

facilitated by the occurrence of gaps that are not real, but are due to our imperfect

knowledge.

List of Sjjecies of Os,'mo?,TV.^ci, arranged in Order of their Occurrence.

Upper Silukian. Thyestes verrucosus, Eicliwald
;
Cephalaspis (?) Schrenkii, Pander.

DowNTON Sandstone. Eukeraspis puslidiferus.

Passage beds. Didi/maspis Grindrodu,Auchenaspis Salteri, Av. Egertoni, CepJialaspis {Hemicijclaspu)

Murchisnni, C. Liyfitbodii.

Lower Devonian (of Devonshire and Cornwall). Cephalaspis (?) Carleri.

CoRNSTONES (Wcst of England). Euceplialaspis Agassizii, Zenaspis Salweiji.

Lower Old Red Sandstone (Scotland). Eucephulaspis Li/ellii, E. Powriei,E. Pagei, E. asper.
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Bescriptions of Genera and Species.

Genus 1.

—

Cephalaspis, Agassiz. Poissons fossilcs, vol. ii, p. 149, 1835.

Derivation.—Kt<pa\r\, the head
;
aairiq, a shield.

Characters.—Scutum cephalicum simplex semicirculare.

The genus Cephalaspis, as here indicated, may be conveniently split into three

subgenera.

1. EucEPHALASPis.'—Scutum postice cornibus lateralibus instructum, in medi(.

aliquantb productum.

2. Hemicyclaspis.2—Scutum sine cornibus lateralibus : postice subtruncatum.

3. Zexaspis.'—Scutum Eucephalaspidis scuto simile : scutellum dorsale (vel scutella)

post scutum cephalicum positum.

It seems to be a clearer representation of the relations of these fishes to dissociate the

form destitute of cornua, and that with body-plates as well as a cephalic shield, from the

other species (which agree in possessing cornua and in other matters very closely), than

to leave them all in one group, each being equally designated Cephalaspis. It is quite

possible that further research will render it desirable to consider what I have here called

sub-genera as genera. Fragmentary remains indicating species belonging to the genus

Cephalaspis, or only sufficient to point to the section Osteostraci, and not furnishing

evidence of sub-generic detaib wiU be spoken of here as Cephalaspis.

Such remains occur in the Tilestones ; in the Ledbury passage-beds we have Hemi-

cyclaspis, and in the Cornstones of Herefordshire Zenaspis. Eucephalaspis is found in

the Cornstones and the Scotch Lower Old Red.

1. Eucephalaspis Lyellti, Ayassiz. PI. VIII, fig. 1 ; PI. XI, figs. 1 and 2.

Cephalaspis Lyellit, Agassi:. Pois. foss., vol. ii, p. 149, pi. 1, fig. 2, 183;').

Name.—Named after Sir Charles Lyell, Bart.

Slratigraphical Position.—Lower Old Red Sandstone (Scotch area).

' (i) ; and K«pn\u(jfrii, Cephalaspis.

- ii^ikvkXkjs, semicircular
;

uoTris, a shield.

^ Zei)», Zrji us, Jove
;

aairts, a shield.
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Characters.—I must refer to the figures of the two specimens which are considered

as belonging to this species for a notion of its characters. It was associated by Agassiz

with the heads from the EngUsh Cornstones, which will here be spoken of as Euceplia-

laspis Agassizii, since they appear to differ in this point of structure, viz. that the orbits

in the Scotch specimens are placed more posteriorly in the shield, and the cornua are

less produced and less divergent than in the English heads. At the same time it must

be confessed that there is very close agreement in the outline of the head-shield as exhi-

bited in the best-preserved specimens. Neither of the Scotch specimens show the surface

ornament, so that we cannot compare them in this regard. C. Lyellii and C. Agassizii

were undoubtedly very closely allied, but the evidence does not justify their association

under one specific name. The figures in the plates give all that is known on the matter.

General Bemarks.—^The specimen drawn by Mr. Dinkel in PI. VIII, fig. 1, is the

same which he figured more than thirty years ago for Prof. Agassiz. It has since then

been worked out a little from the matrix, so as to exhibit the marginal series of scales.

In the process the indications of the remarkable pectoral appendages drawn by Mr.

Dinkel in Agassiz's plate, but not referred to in the letter-press, have been destroyed.

Mr. Dinkel has, however, reintroduced them here, especially on the left side. A false notion

of the structure of the body of Cephalaspis has been conveyed by the former drawings

of this specimen and the copies in woodcuts illustrating popular treatises on geology.

A jointed structure, as though the body were composed of a series of hard rings fitting

into one another, has been in this way erroneously attributed to the fish (which mistake

was by no means due to Prof. Agassiz, who knew and described the scales). The fact

is that the scales of the body are of considerable thickness, and in the celebrated British

Museum specimen drawn in PI. VIII, fig. 1, their upper layers are entirely broken away,

and only a flake of calcareous matter is left covering in their impressions, and thus pro-

ducing the false jointed appearance. The deficiency in the specimen towards the caudal

extremity marks the position whence the dorsal fin has been broken away. The other

specimen, drawn in PI. XI, fig. 1, which is referred to this species, is with, perhaps, the

exception of Mr. Powrie's specimen drawn in PI. X, fig. 1, and referred to C. Poicriei,

the most instructive and beautifully preserved remnant of these curious little old

Sturgeons which has been found. It belongs to the Museum at Arbroath. The pectoral

fins are well shown in the specimen, though I have to explain that my over-zealous friend

Mr. Dinkel has given an appearance of a joint to the right-hand pectoral, which is not

clearly seen in the fossil itself. The dorsal fin is also well shown, as is the caudal, but

it is not so perfectly preserved in this as in another specimen (of another species probably)

drawn on the same plate. The woodcut restoration (fig. 16) may help to elucidate

the drawing of the fossil. The scales in this Arbroath specimen are unfortunately in the

same broken condition as in the Glammis (Brit. Mus.) specimen, and no trace of the sur-

face ornament is to be detected.

The Arbroath specimen has very fortunately been broken in such a way that a piece
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of the body can be removed, and the view given in fig. 2, PI. XI, is obtained. This

demonstrates, firstly, a series of ventrally placed scales, which, though rather confused,

covered in the ventral surface, and appear to have consisted of several rows. The

great thickness of these scales, and indeed of those of the upper part also, is noticeable.

The calcified exoskelcton in these fishes bore some resemblance to that of Lophobranchs,

and, no doubt, formed a rather rigid and tough kind of armature. Secondly, the fractured

piece of the Arbroath specimen exhibits the body in vertical section, and shows its very

small calibre and triangular form.

Fig. 17.

Ideal vertical transverse section of the body of Eucephalaspis.

The number of rows in each series of scales is, no doubt, an important matter—pos-

sibly differing in species. Both specimens of C. Li/cUii are unsatisfactory as regards this

point, since the scales are fractured ; but there appears to have been in front of the dorsal fin

but one dorsal row of scales on each side the middle line, attached by their lower borders to

the single series of great flanking or lateral scales : posteriorly to the fin the series became

broken up into more numerous scales. The number of scales in a row and the relative

length of head and body are important for specific distinction ; and though it does not

bear on the question of distinction between C. Lyellii and C. Agassiziiy since the body of

the latter is unknown, yet a very clear difference in this respect is exhibited between

C. Lyellii and another Scotch species, C. Powriei.

The two specimens of C. Lyellii agree, as nearly as their rough condition will

permit one to estimate, in having about twenty-five scales of the lateral series, placed

praedorsally, i. e. which are in front of the anterior origin of the dorsal fin. In the British

Museum specimen of C. Lyellii the length of the head is 3 inches, of the whole fish

inches, allowing for the tail, which gives a ratio of 1 to 2-4. In the Arbroath specimen

the head is 2| inches in length, and the whole fish 7^ inches, giving a ratio of 1 to 2 0.

In C. Powriei, on the other hand, the ratio appears to be about 1 to 3-2. Allowance is

made in these estimates for the parts which are broken.

The details of structure of the fins shown in the specimen at Arbroath do not allow of

much being said, since they are not very clear. Small scales api)ear to extend along the

fin-rays in both dorsal and caudal fin. It is, however, very important to notice that the
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pectoral fin has quite a different structure, which is well seen in fig. 2, PI. XI.

There is no evidence of a separation of the calcareous matter into regular scales, but

crescent-like areae appear to be marked out by the greater thickness of this matter in

some parts than in others; neither can any fin-rays be traced in these very curious

organs.

2. Eucephalaspis Agassizii. PI. IX, figs. 2, 3, 6.

Cephalaspis Lyellii, Agassiz (in part). Pois. foss., vol. ii, pi. 1 b, fig. 3, 1835.

Name.—Named after Prof. Louis Agassiz, the author of the ' Poissons fossiles.'

StratigrapMcal Position.—The Cornstones of Herefordshire and Worcestershire.

Characters.—The woodcut, fig. 11, gives what is, I believe, an accurate indication

of the form of the shield in this species. So many specimens of this are found that

it is possible to get a more trustworthy idea of the form of the shield when uncrushed,

and in all its parts, than it is in the case of any other Cephalaspis. Numerous as these

specimens are, only one has come to hand showing clearly the form of the orbital region

and the surface-markings. This has been used in drawing these parts in the woodcut.

Fig. 18 a. Fig. 18 b.

Ornament of Eucephalaspis Agassizii, magnified 7 diameters.

a, from the orbital region. b, from the posterior angle.

fig. 11, and was lent among many others by Dr. Grindrod, of Malvern. It is unnecessary

to attempt any concise definition of the species in words when the woodcut figures express

so much more clearly what is meant than a compressed sentence can be made to do.

The relative position of the orbits in this species and in C. Lyellii may be seen on com-

paring the figures in PI. VIII and PI. IX.

General Remarks.—^The greatest variation in form is exhibited by the abundant head-

shields of this species which have been exhumed in the West of England—a variation

due simply to pressure. Some shields are quite flat, and yet tolerably perfect ; the

outline in this case becomes very much widened, and the cornua are directed quite away

from one another, instead of running backwards in nearly parallel directions ; others are

compressed laterally, but many are to be obtained which are regularly convex, and by

their symmetry lead one to believe that they have not suffered any distortion. No speci-

mens show the form and proportion of head-shield which is attributed to the following
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species {C. Powriei), and hence we may consider the distinction, so far as it rests on tlie

form of hcad-shiehl, a good one. Some small specimens, as that drawn in PI. VIII,

fig. 5, wdiich probably belong to this species, show an outline rather like some small Scotch

heads I have seen, one of which is drawn in PI. XII, fig. 1. But the eyes are not so far

forward in the Scotch specimens as in the Enghsh, and we may conclude that they belong

to C. LyeUii, whilst the English ones belong to C. Agassizii. The Scotch member liad ' a

longer liead' than the English representative, even among these fishes of the Devonian

times.

No bodies of C. Agtmizii appear to have been ever found attached to the heads, with

two exceptions, one of which is obscurely drawn in PI. VIII, fig. 5, whilst the other shows

little beyond the fact of a scale-covered body. Both specimens are very small, and, indeed,

may not belong to this species at all. They are from the Cornstones in the neighbour-

hood of Ludlow. Small specimens of scales, exhibiting a fine tubercular ornament like

that of the head-shield of C. Agassizii, have been found, but give no evidence as to the

form or relative proportions of the body. It is not a little remarkable that in the Corn-

stones of Herefordshire and in the slaty beds of Devonshire and Cornwall—which have

lately (1SG8) been shown to contain CephalaspidcB—the smallest traces of the body, well

covered in by scales, as we know it to have been, should be so exceedingly rare as com-

pared with the head-shields, which abound in the AVest of England, and are packed and

pressed together in innumerable quantities in Cornwall. The relative size and weight of

head and body, no doubt, favoured the preservation of the head-shields, which, like the

Belemnite's guard, would sink, whilst the body would be broken off from the thus partially

imbedded head. The large size and freedom from open sutures of the adult head-shields

would also, no doubt, tend to their preservation, as compared with the smaller and

therefore more easily scattered scales. A strange instance of the capricious imperfection

of that very fragmentary document, the ' Geological Record,' is afforded in the absence of

bodies to English Cephalaspids, and their more frequent occurrence in Scotch specimens.

3. EucEPHALASPis PowKiEi. PI. X, fig. 1, aud PI. IX, fig. 5.

Cephal.vspis Lyellii, A(/assiz (in part). Pois. foss., vol. ii, pi. 1, fig. 1, and pi. 1 b, fig. 1, 1835.

Name.—After Mr. Powrie, of Reswallie, Eorfarshire, the discoverer of this and other

Cephalaspids.

Stradgrajjhical Position.—Lower Old Red Sandstone of Eorfarshire.

Characters.—The form of head-shield distinguishing this species is given iii the

diagram (woodcut, fig. 19). A form of curve which it is difticult to describe in

words, but which might be expressed mathematically, distinguishes the contour of the

shield of this form from those of the two preceding. The cornua have a difierent relative
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proportion, and are more incurved than in Eu.. LyeUii or Eu. Agassizii. There appear to

be about thii'ty prjedorsal scales in each series instead of twenty-five, and the scales are

Fig. 19.

Diagram outline of the head-sliield of Eucephalaspis Powriei.

narrower in proportion to their length and of less thickness apparently than in Eu. Lyellii.

The head measures If inch, the whole 5^ inches in length, giving a ratio of 1 to

3'14, instead of 1 to 2'6. The ornament in this species is very finely tubercular.

In Mr. Powrie's magnificent specimen, figured in PI. XI, the ornament can be seen in

parts with a lens, and may also be traced on many of the scales.

General Remarks.—The grand specimen of fig. 1, PI. XI, was obtained by Mr.

Powrie at Ley's Mill, near Arbroath. It has been most carefully developed, and shows the

concave side of the head-shield, and the body twisted so as to bring the dorsal surface to

the left side, as one looks at the specimen. Other head-shields, detached from the body,

have come to hand, and one, belonging to Mr. Powrie, is figured in PI. X, fig. 5.

A similar specimen is in the collection of the Rev. Hugh Mitchell, of Craig, near

Montrose. The specimen figured in pi. 1, fig. 1, of the ' Poissons fossiles,' and now

in Sir Philip Egerton's collection, appears to belong to this species. It is most erroneously

drawn in the figure referred to. The concave surface of half a head is presented with the

half of the attached body, showing the position of the dorsal and caudal fins ; but the

dorsal series of scales is not preserved as drawn by Mr. Diiikel, the two sets of opposite

sides being confused in a mass. The lateral series present the same appearance as those

of ]\Ir. Powrie's specimen ; but I could not count as many as thirty praedorsal. The

structure of the dorsal and caudal fins is not shown.
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4. EucEPiiALAsns Pagei. pi. X, figs. 3 and 4 ; PI. XI, fig. 4.

Name.—After Mr. David Page, of Edinburgh, in accordance with the wish of

Mr. Powrie, the discoverer of this form.

Strati(/raphical Position.—Lower Old Red Sandstone of Forfarshire.

Characters.—The form of the head is very similar to that of C. Powriei ; but it is

difficult to be certain of its exact outline, since all the specimens obtained are much flat-

tened. Some, however, show this character better than seen in the figured specimens,

and from these the woodcut outline is drawn (fig. 21). The ornament is notably different

from that of the several preceding species, for the tubercles are disposed in sets, consisting

of a central large tubercle, surrounded irregularly, more or less, with smaller tubercles.

The same character of marking is carried on to the scales. In one specimen (PI. X,

fig. 4) I could count about twenty pra)dorsal scales in a series ; but the specimens of

this species, though appearing very perfect at first sight, are so highly carbonized and

crushed that it is impossible to ascertain the true arrangement of the scales. Some seem

to indicate quite a different disposition of the series to that which I have described in

Eu. Lijellii and Ea. Powriei. The dorsal and caudal fins are well seen in some specimens,

but have not furnished any special characters ; in no specimen of this species have the

pectoral appendages yet been observed. The size of the majority of specimens is small.

They may be young individuals ; but their great number and the rare occurrence of large

specimens with them, which seem to belong to another species, leads to the supposition

that this is a Cephalaspis of small size when adult. At the same time it may prove to be

a younger form of the succeeding species.

General RemarJcs.—]\Ir. Powrie discovered this form in some abundance in a remarkable

bed of fine, dark, laminated shale and sandstone, which furnished also several Acanthodians,

Fig. 21.

Diagram outline of licad-shield of Fuccjj/ialaspix Pagei.

1
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and a few specimens of a larger Cephalaspis. The specimens are much carbonized and

quite black, showing, however, the surface-markings and the scales in parts with a

distinctness which varies in specimens and is liable to diminish by exposure after the

exhumation.

There is a fact of interest with regard to the position assumed by the specimens in

the rock. They are all very much flattened, but many have apparently also burst

along the ventral line, so that the fossil presents the two rows of large flank scales spread

out on each side of the dorsal series. This indicates great toughness in the tegumentary

skeleton, and implies that the scales were held together by a very strong matrix of fibrous

tissue, which was less firm along the ventral surface than in other parts. It has been

suggested, as before noted (page 42), that the ventral part, if not the whole of the Cepha-

laspids, was covered and firmly connected through the aponeurotic scales with a skin

containing small shagreen-like ossicles in parts. The continuity presented by the scales

when crushed, as in the specimens of C. Pagci, favours this notion. In the Heterostraci

it is clear, from the gland-pits, that there was a considerable development of the parts

superficial to the calcified layers of the integument.

5. EUCEPHALASPIS ASPER. PI. X, fig. 5.

Name.—From the pointed spinets which exist on the scales and rim of the cephalic

shield.

Characters and General Remarks.—The specimen figured, which is from a nodule in the

Lower Old Red Sandstone of Perthshire, and another from the bed in Reswallie, Eorfar,

which furnished Mr. Powric with C. Pagei and others of his valuable discoveries, present

conoid or dentate spinets (fig. 23) situated on the marginal rim of the head-shield, being

modified tubercles, and also on the scales, as seen in the figure. How far this structure

is sufficient to characterise a species may very well be held to be doubtful, since such

Fia. 23.

Spinets from the margin of the shield of Eucephalaspis aspor.
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denticular processes are very apt to get lost and obscured in these fossils, as, for example,

those on the inner edge of the cornua of the common Eucephalaspis J^assizii. Perhaps

this species may be merely a larger growth of C. Pagei, the spinets being preserved in

the large specimens, but undeveloped or obscured in the smaller. Nevertheless, it is

right to signalise this characteristic structure by a name. Further search in regard to

this and other similarly dubious matters indicated in these pages is required, and the

matter is best pressed on the attention of collectors and others by provisionally naming

the supposed species. The horror with which the making of a species on small data is

regarded by some naturahsts appears to be a superstition which may lead to evil results,

for the opposite proceeding of passing over all differences and indications of distinction

among forms, unless of the most certain and obvious character, is far more injurious to

the progress of knowledge. The use of a name, whether of genus, species, family, or what

not, is merely to briefly draw the attention to a supposed speciality of structure separating

the individuals, to which the name is applied, from others. There is nothing sacred in a

name, and, if the progress of discovery render it desirable, old names can be changed or

supi)rcssed. As long as the data on which a species is named are fairly and fvdly stated, it

can be no encumbrance to science, even though it should eventually prove to be not

distinct from another form.

6. Hemicyclaspis Murchiso^i. pi. VIII, fig. G ; PI. IX, fig. 1 ; PI. XII, figs. 3 and 4.

Cepiialasi'is Murchisom, Egerton. Quart. Jouni. Geol. Soc, vol. xiii, p. 284,pl.ix, 1857.

— ORNATUS, Id. Ibid.

Name.—After Sir Roderick Impey Murchison, Bart.

Siratigraphical Position.—Tilestones and Auchenaspis-grits.

Characters.—The woodcut (fig. 24) presents the characteristic outline of the sub-genus

and the ornament which characterises the species. The tubercles ornamenting the surface

arc arranged in distinct groups, marked out as polygonal arese, in this species, more

distinctly than in C. Pagei, some distance of intertubercular surface intervening between

the contiguous groups.

General Remarks.— Sir Philip Egerton (loc. cit.) described C. Murchisoni and

C. ornattis originally as two distinct species, suggesting, however, that they might prove

to be identical should specimens of C. Murchisoni showing the surface be discovered.

I have received such a specimen from Dr. Grindrod, and do not doubt that the two specimens

figured from the Tilestones near Ludlow and the two from the Ledbury Grits are the same

species. A question was also raised by Sir Philip as to whether C. Murchisoni might

not belong to his genus Auchenaspis, being thus the anterior portion of a shield divided

into head- and neck-plates. The presence of a groove running parallel to the edge of

the semicircular shield seems to me to oppose this notion, for a similar groove runs
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along the posterior margin of the shield of Eucephalaspis, and also along the posterior

margin of the joo^^mor or neck-plate of Auchenaspis, whilst there is no trace of such a

Fig. 24.

Diagram outline of the head-shield of Hemicyclaspis

Murchisoni.

grooving along the posterior margin of the anterior piece of the shield in either Auchenaspis

or Didj/masjns.

I was told by Dr. Anton Eritsch, of Prague, that he had obtained when in England

a specimen of this species showing parts of the body, but I have no details as to its

state of preservation, and am not certain that this was the species obtained. Fragments

of this species are not uncommon in the micaceous sandstone at Ledbury, which has

furnished a large species of Auchenaspis. There are only two specimens in collections,

which come from the finer argillaceous Tilestones, where it occurs with another

Cephalaspis and with the small Aucheiiaspis described by Sir P. Egerton as Au. Salteri.

As might be expected, the ornament is rarely preserved in the specimens from the ' Grits,'

whilst the two from the Ludlow Tilestones shoAv it admirably.

7. Zenaspis Salweyi. PL XII, figs. 2, 5, 6 ; PI. VIII, figs. 2, 3, 4.

Cephalaspis Salweyi, Egerton. Quart. Journ. Geol. Soc, vol. xiii, p. 283, pi. x, 1857.

— ASTEROLEPis, /TarZey. Ibid., p. 503, 1859.

— — Lankester. Brit. Assoc. Reports, 18G4.

Name.—Named in honour of Mr. Humphrey Salvvey, of Ludlow.

Siratigraphical Position.—Cornstones, probably in a special horizon, with Scaphaspis

rectus and Pteraspis Crouchii.

Characters (see the woodcut, fig. 26).—The large size of the tubercles, which are



Fig. 26.

Fig. 2G.—Diagram outline of tlie licail-shielil of Zeua'ipis Salit pyi, natural size.

,, 27.—Dorsal scute of the same.

„ 28fl.—Ornament from near the front of the shield, magnified 7 diameters.

,, 284.—Ornament from near the middle of the shield, magnified 7 diameters.
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largest in the large shields, as may be seen by comparing PI. XII, figs. 2 and 6, and

PI. VIII, fig. 4, and their less frequency, distinguish the ornament of this species from

that of Eucephalaspis Agassizii, specimens of nearly equal size being compared. The

thickness of the substance of the shield is relatively great, and it has a bright polished

surface. The cornua are long, subcylindrical, and solid, differing in this, as does the

shield-substance in thickness, from Eucephalaspis Agassizii ; the tubercles on the surface

are oblong and closely packed. The ends of these cornua are not unfrequently found

detached, having survived the destruction of the rest of the shield, from which they appear

to have been readily broken. The postorbital valley is shorter and broader relatively in

this species than in other Cephalaspids. Sir Philip Egerton attached importance to the

great breadth between the eyes, but the size of the individual and variations in pressure

are liable to affect this character. A greater interspace between the orbits is, no doubt,

present than between those of Ea. Agassizii, if orbits of equal size or nearly equal size

be compared. But the real point is that the orbits are mucli smaller in this species,

relatively to the size of the whole shield, than in Eucephalaspis.

General Remarks.—After some hesitation I have decided to associate C. Salwegi and

C. asterolepis as one species, not being able, on careful examination, to find any character

which should separate the large specimen described by Dr. Harley from Sir Philip Egerton's

original C. Salwegi. A magnificent specimen has been kindly lent to me by Mr. Lee, of

Caerleon, from which the outline woodcut has been in great measure drawn ; two cornua,

belonging to Dr. MacCullough, and found in the same quarry at Abergavenny, furnishing

the evidence of these parts which are wanting in Mr. Lee's specimen. This specimen

came to hand after my plates had been completed ; it has been photographed and pub-

lished in a recent volume of the * Proceedings of the Woolhope Nat. Eield Club.' Another

specimen, which is better than either of those drawn in my plate, has been recently obtained

for the British Museum. It is very similar to Mr. Salwey's specimen drawn in PI. XII,

fig. G, but it has the long cylindrical cornua attached to the angles of the shield, which

are Avanting in this specimen. The ornament is best shown on these two shields, the

irregular ' splashed ' character of the tubercular markings being well seen. In parts

they assume a much more regular character, each tubercle being hemispherical, and all

nearly of equal size (PI. VIII, fig. 4). Bits showing this character of marking from shields

of twice the size of that drawn in PI. XII, fig. 6, and therefore with much larger tubercles,

are not uncommon, and have been regarded distinctively as C. asterolepis, but I cannot

believe that the difference is anything but one of size. None of the large specimens

usually referred to C. asterolepis show the tubercles of the surface of the shield in such a

way that tliey can be compared with those of the smaller specimen drawn in fig. 6,

PI. XII. On such specimens a few of the larger tubercles are left here and there

adhering. I do not doubt that if we have had the ornament properly shown, we should

find oval, circular, and irregular tubercles of various sizes on parts of the shield, as in

typical C. Saliuegi. I say typical C. Salwegi, for though PI. XII, fig. 5, is the figured type
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specimen, and shows very little of the surface, fig. G, PI. XII, which shows so much more,

may be taken as more fiiirly representing it, and was so regarded by Dr. llarley.

The character of the tubercles varies on different parts of the same shield in this

species very greatly ; in some parts there are fewer tubercles than others, and they are

round and of equal size ; in other parts they are crowded so as to leave no intertubercular

surface, and are small and large, oval and round, and irregular. This latter arrangement

is seen near the margin more particularly, which, as we saw in Scaphaspis (PI. I, fig. 4 a),

is subject to crowding and irregularity.

The remarkable scutes drawn in PI. VIII, figs. 2 and 3, present a very large form of

ornament, which is regular in size and hemispherical, as seen in PI. VIII, fig. 4. They

occm-red in association with the specimen drawn in fig. 2, PL XII, and, no doubt, belong

to the same species of fish, the character of their substance and ornament leaving little

room for doubt on this point. It is the occurrence of these very remarkable scutes which

has induced me to form the subgenus Zenaspis, since they indicate an arrangement of the

armature of the body quite different from that of C. Lyellii. The scutes are symmetrical in

form, and were therefore probably placed in the median line, probably on the dorsal

surface. In PI. XIII, figs. 17 and 18, somewhat similar and smaller scutes are drawn.

These additional scutes, which thus characterise the subgenus Zenaxjih. a])parently belonged

to bigger individuals than that drawn in PI. XII, fig. G, for which tlk ir ornament is too

large. All fragments of such additiomd plates as these should be carefully looked after

by collectors, shice the specimens figured, and others less definite which have been sub-

mitted to me, indicate a considerable development of such plates, in the place of the

scales of Eitcephalaspis, and may possibly require a generic in place of a subgeneric

recognition. The flank-scales of individuals as large as Mr. Lee's specimen must have

been of considerable strength and size, if they retained merely the relative proportions

seen in Eucephalaspis ; but if, as is not imj)ossible, they united in parts to form still

larger plates, we may expect assuredly that they should be detected in the Corn-

stones.

The ' rims ' of the cephalic shield of this species arc sometimes found alone, being

solid and of a shape to resist destruction after the breaking away of the expanded dome

which carries the orbits, &:c., as may be observed in other species (see PI, IX, fig. 4,

and PI. XIII, fig. 19).

8. Cephalaspis Lightbodii. PI. XIII, fig. 19.

Name.—After Mr. Lightbody, of Ludlow.

Stratigraphical Positioti.—Tilestones, near Ludlow ; from the same fine argillaceous

bed which furnishes Hemicyclaspis Murchisoni and Auchetiaspis Salteri.

Characters.—The peculiar form of ornament definitely characterises this species. On
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the margin or rim of tlie shield are very densely set conical or pyramidal tubercles of

the size of a pin's head and larger. The apices of some of these tubercles are curved so as

to form little hooks, The upper surface of the shield, to judge from a piece seen at the

lower portion of the figure, which may, however, belong to another plate, was ornamented

with equally close-set tubercles, so closely set and of such irregular angular form that

their impress in the matrix has the appearance of a network. But what is chiefly

remarkable is the presence of a set of grooves, independent of the tubercles, winding

about amongst them in such a way as to mark out irregular areas of a quarter of an inch

or less across, giving an appearance wdiich is seen on some Reptilian scutes, and which is

but feebly rendered in Mr. Dinkel's drawing in PI. XIII.

General Bemarh.—This species was pointed out to me some time ago by my

friend Mr. Lightbody, who has a few fragments besides the rim here figiu'ed. I have

great pleasure in naming this very interesting form after one who has done so much in

the investigation of these matters, and has given me so much assistance in my task.

It is impossible to say what subgenus this Cephalaspis would fit into, or whether it

would require a new one. Its large size and very definite peculiar ornamentation render

it probable that we shall soon hear of it again. Extending inwards from the rim are seen

in the specimen the 'lateral floors' of the shield. The tubercles on their surface are

much smaller than those on the rim itself.

Genus 2.

—

Auchenaspis, E(/erton. Quart. Journ. Geol. Soc, vol. xiii,

p. 28G, 1857.

Derivation.— av^jn-, the neck
;

aawiq, a shield.

Characters.—Scutum in duas partes divisum, anteriorem semicircularem in qua sunt

oculi positi, cornil)us lateralibus magnis instructam majorem, posteriorem oblongam

minorem.

a. Auchenaspis.—Cornibus lateralibus modestis.

/3. EuKERASPis.^—Cornibus lateralibus longissimis, cellulis marginalibus magnis.

1. Auchenaspis Salteri, Efjerton. PL XIII, figs. 7, 8.

Auchenaspis Salteki, Egerton. Quart. Journ. Geol. Soc, vol. xiii, pi. ix, 1857.

NaMe.—After the late Mr. J. W. Salter, of the Geological Survey.

' el, intensitive ;
Kepas, cornu ;

do-Trt's, shield.
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Sfraiir/raphical PosUion.—The Milestones (the fine-textiirerl deposit occuiTing near

Ludlow).

Fig. 30.

Diagram outlines of head-shielJ of Auchenaspis Salteri and Au. Egertoni.

Cliaracters.—This speeies is distinguished by its small size and by the small diver-

gence of its lateral cornua. The surface-ornament is not known.

General Remarks.—I have had but few^ specimens of this species to examine. I

think that the uniformly small size of the specimens from Ludlow, whence Sir Philip

Kgerton's type was obtained, as also the difference in the apparent curvature of the

anterior portion of the shield and its less divergent cornua, justify the separation of

this form from that which occurs in some abundance in the micaceous grits of the Led-

bury Passage-beds.

2. Auchenaspis Egertoni. PI. XIII, figs. 3, 4, 5.

Name.—After Sir Philip de Malpas Grey Egerton, Bart., the author of the genus.

Stratigraphical Position.—The Ledbury Passage-beds, or ' Auchenaspis-grits.'

Characters.—Compare the woodcut outUnes of the two species, figs. 29 and 30. The

three specimens of this species drawn in PI. XIII are variously imbedded in the matrix,

one showing more of the cornua than another. The specimen which is intended to be repre-

sented in fig. 3 is the most characteristic, but has not been well drawn on the plate.

The cornua are largely developed and diverge from the posterior or neck-plate ; the

shield has more than twice the vertical diameter of the preceding species. The surface

shows in some specimens tubercular ornament of relatively very large size.

General Bemarks.—This species used to be almost abundant at Ledbury in the grey

micaceous grits which were exposed in the raihvay-cutting on that side of the ]\Ialvern

and Hereford Railway-tunnel. Mr. Brookes, well known to many as a clever collector

and a working-man of great intelligence, sometimes obtained four or five of these heads

on one hand-specimen of the stone; they occurred associated with fragmentary remains

of Ilemici/chtftpis ^fnrchisoni.
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3. EuKERASPis pusTULiFERUs, Agcissiz. PI. XIII, figs. 9—14.

ScHLERODUs PUSTULIFERUS, Sil. Svst., pi. iv, figs. 27, &c.
;

Siluria, pi. XXXV,

figs. 9—12.

Plectrodus mirabilis, Agass. Sil. Syst., pi. iv, figs. 14, &c.
;

Siluria, pi. xxxv, figs.

3—8.

Name.—PusfiiJiferi/s, bearing pustules, on account of its fine tubercular ornament.

Stratigrapldcal Position.—The Downton Sandstone of Ludford Lane, near Ludlow.

Characters.—Posterior portion of the shield not known ; cornua twice as long as the

central or vertical diameter of the anterior portion of which they are processes ; a series of

six cavities (cellulse marginales), woodcut, fig. 31, c. m., on either side excavated in the

Fig. 31.

Fig. 32.

Ornament of the same, magnified

7 diameters.

Diagram outline of head-shield of EuJceraspis pmtuliferus.

a. o.p. orbital prominence ; c. nt. marginal cavities
; p. o. v. post-

orbital valley ; o. p. interorbital prominence.

substance of the shield; a similar pair of cavities (appearing like orbits in fig. 13,

PI. XIII) are placed posteriorly to the true orbits and on either side of a very marked

prominence {i. o.p. in the woodcut), like the interorbital prominence of Ceplalaspis (seen

in PI. XIII, fig. 10). The true orbits are deeply sunk, and are seen in figs. 13 and 14

;

the right orbit, which is preserved in the specimen drawn in fig. 13, and lies anteriorly

to and somewhat to the left of the right hand of the two oblong cavities, there drawn, is

not clearly seen. The antorbital prominences {a. o. p. in the woodcut) are very marked

and prominent in this form; as to the antorbital fossa3 I am uncertain. The whole

surface is covered by a very fine densely set series of circular tubercles of very small size

and great regularity, extending on to every prominence and furrow of the shield. The
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cellular cavities of the margin and of the central part of the shield were only indicated

superficially by slight undulations of the tuberculated test. The outer margin of the

shield, especially of the cornua, contrary to what is seen in Ccphalaspis, where the inner

border of the cornua is denticulate, is furnished with irregularly tooth-like processes of

various length.

General Remarks.—The remains of this beautiful and well-marked little Cephalaspid

were described in the ' Silurian System/ and the earlier editions of' Siluria,' from detachcxl

specimens of the cornua, as toothedjaws of small ganoid fishes, Pt. {Sclerodas) pustuliferus

and mirabilis. In the last edition Sir Roderick rem.arks that Dr. John Ilarley

(formerly of Ludlow) had suggested the true nature of these supposed fish-jaws. (See

description of PI. XXXV in 'Siluria,' 1867.) At page 241 of the same edition it is

stated that Mr. Salter was inclined to regard these cornua as the jaws of Cephalaspis or

Pteraspis. The most important feature about Eukeraspis appears to me to be the existence

of the remarkable cavities between the two laminae of the shield-test, but unfortunately it

is exceedingly difficult to ascertain definitely their structure and relations, on account of

the rarity of specimens of the fish, and especially of specimens well preserved. Were it

possible to describe these structures with accuracy, their peculiarity, though paralleled

by feebly developed marginal cavities in Cephalaspis, would, I think, justify the erection

of Eukeraspis into a totally distinct genus. The small vertical breadth of the shield, and

the outline of its posterior border, as seen in fig. 13, PI. XIII, renders it improbable that

we have in these beautiful little specimens a complete cephalic shield comparable to that

of Eucephalaspis, and leads one to suppose that an additional plate such as is presented

by Auchenaspis was attached along this border. This is a question Avhich inquiry with

the haunner may soon decide
;
provisionally, Eukeraspis may remain as a subgenus of

Auchenaspis.

The only specimens yet obtained of this form are from the Downton Sandstone near

Ludlow.

Genus 3.

—

Didymaspis, Lankester.

DiDYMASPis, ZawArs^er. Geol. Mag., vol. iv, p. 152, 1867.

Derivation.—S/Su/toc, twin; a(T7r<c, a shield.

Characters.—Scutum in duas partes subajquales divisum, anteriorem semicircularem

in qua oculi sunt positi, sine cornibus divergentibus, posteriorem oblongani.

1. Didymaspis Grindrodi, Lankester. PI. XIII, figs. 1, 2.

DiDTMASPis Grindrodi, Lankester. Geol. Mag., vol. iv, p. 1.")?, pi. viii, IS67.

Name.—In honour of Dr. Grindrod, of ^Malvern.
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Siraiicjrajjliical Position.-—In Red Sandstone, immediately above the ' Auclieiiaspis

Grits ' of Ledbury.

Characters and General Remarks.-—See woodcut, fig. 33. The fossil is in two

pieces, one showing the convex cast (PI. XIII, fig. 2), the other concave surface

(PI. XIII, fig. 1), of the cephalic shield. This shield is of an oval form, about an inch in

length and a little less in breadth. Anteriorly it is divided by a well-marked junction-

line into two portions—an anterior semicircular piece and a posterior larger and somewhat

square piece. The anterior portion exhibits two distinct oval orbits, placed close together

at its centre. Radiating channels mark the inner surface of this portion of the scute,

recalling the similar 'channeling' in Cejjhalaspis (also seen \n Auchenaspis, being the

structure which gave rise to the supposition of a fibrous bony skull in Agassiz's descrip-

tion of Cejjlialasjns). The line of junction between the two plates describes a double

curve ; the two produced angles of the semicircular plate embracing the posterior plate,

but not diverging from it, whilst in the median line the anterior piece is produced into

the posterior to a small extent : in this way the double curvature of the margins is

effected. Posteriorly the posterior j^late becomes contracted, and its margins tend towards

describing a dome-like outline when it is abruptly truncated, and the truncated margin

thickened and inflected. A thickened ridge passes anteriorly along the median line. No
radiating channels mark its inner surface. Plake-like fragments from the inner substance

of the scute, soaked in Canada balsam and examined beneath the microscope, show large

bone-lacuuce very densely packed, arranged at right angles in the different lamellae of the

I)ony material, so as to produce the appearance of cross-hatching.

The small specimen figured, which is from Dr. Grindrod's great collection, is the

only relic of this form Aviiich we at present possess.

A. In PI. XIII one or two fragments of scales are figured which may possibly be

connected with Cephalaspids, or with the bearers of those ichthyodorulites which not

unfrequently occur in the Cornstones of Herefordshire and subjacent beds, and have been

designated Onclnis.

I would particularly draw attention to the beautiful fragments which I have termed

Fig. 33.

Diagram outline of the head-shield of

Didymaspis Grindrodi.
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Kallostrakon podiira, on account of the resemblance of their ornament to the well-known

microscopic markings of the scales of the insect Podiira. The microscopic structure of a

portion of the scale drawn in tig. 21, PI. XIII, is given in fig. G, PI. XIV, and is well

worth attention, on account of its very peculiar nature.

The numerous indeterminable fragments of fish remains, together with the Onchm

species, which occur in Siluro-Devonian beds require careful collation and study
;
they

appear to indicate the presence of other (jrotipfi of fish in company with the Cephalaspidte

described in these pages.

B. Since the plates of this Monograph were completed, and the first part issued,

a great discovery has been made, or rather a rediscovery relating to its subject-matter.

CephalaspidcE have been found in Devonshire and Cornwall, in beds assigned to the Lower

Devonian series. Mr. Peach long since (in 1847) described the remains in question as fish,

and latterly, from specimens belonging to Mr, Pengelly, the Cephalaspidian nature of

the remains, which had in the interun been considered as Sponges, has been decided by

the Rev. W. S. Symonds, by Prof. Huxley, Mr. Salter, and myself. Innumerable remains

of the shields of a Scapha^sjns, more than a foot long, fragments of Cephalaspis, numerous

spines, and other indeterminable fragments, besides the splendid scale and spine

assigned by Mr. Pengelly respectively to FJii/lIolepis and Ctenacanthus, are the fish

remains of these beds. Mr. Pengelly, i\lr. Peach, and the Royal Geological Society of

Cornwall, have kindly lent me their specimens for further examination.

C. Before leaving the subject, and now that the various forms and remains of the

Cephalaspidian Fishes known have been described and figured to the reader, 1 should wish

to revert to the question of their zoological position discussed in the first pages of this

Monograph. Since they are the earliest remains of Fish presented to us by the geological

record, we should naturally expect them to exhibit a diff'erence of organization as com-

pared with living fishes, leading us downwards to some invertebrate group. But it

cannot be too strongly asserted that these Fishes are, as far as can be seen, by no means of

a low type, and that, so far from showing any real affinities with lower types of animal

life, such as the fancied relationship with Crustacea or Cephalopoda, they disclose, upon

careful examination, points of structure, such as the double olfactory cavities and the pec-

toral appendages, which place them very far above some living Vertebrata (Lampreys)

classed as Fishes. At the same time there is nothing in the remains known to us which

will indicate even approximately their affinities to any one of the large groups recognised

in the classification of Amphirhine Fishes. So great is the variation in the distribution of

calcareous matter in the exo- and endo-skeletons of Fishes that in these, as in so many other

fossil mend)ers of the class, no evidence is given by which we can judge of the condition of

the important respiratory, circulatory, and digestive organs which accompanied the skeleton.

The calcified skeleton in Cephalaspidce, apparently, was entirely confined to the aponeu-

rotic or ' sphnt-system' of Mr. Parker; and whilst the cndo-skeleton was cartilaginous, it

may have been of high or low development. Apparently, too, like the Lophobranchs and

9
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l^lectognaths, the Cephalaspida may have had the aponeurotic part of their exo-skeleton

separated wholly or in parts from the upper layers of the cutis vera, which may or may not

have existed in a calcified condition. The series of scales or bones along the body of

Cephalaspis— so strongly recalling the cinctures of Callichthys (which has a complete endo-

skeleton)—are, probably, morphologically of the same nature as those structures, but ante-

riorly I have not been able to detect any modification of the flanking ' scales' in Ceplialaspis

in the form of clavicular bones. The very peculiar pectoral fins of Cephalaspia are unlike

those of Ganoids or Teleosteans ; their broad membranous character is most nearly repre-

sented in Sharks ; but just as the character of their skeleton does not render it inqiossiUe

that they were Elasmobranchiate, nor point distinctively to either Ganoids, Siluroids,

Lophobranchs, or Plectognaths as their modern congeners, so do the fins fail to give any

decisive indication, for have we not classed among Ganoids Holopfi/cJiius, Polyptems,

Amia, and Sturgeon ?

It is best, then, to let the group Cephalaqnda stand alone,^ since they present a

combination of characters which is not inconsistent with any one of the recent types of

internal organization presented by Eish, whilst agreeing with no living type of skeleton

entirely. When their position in time is considered, it becomes very probable that they

possessed an internal skeleton and viscera of more general character than any of the higher

living Fishes now present to us, which would justify their distinct position. The solid

character of the aponeurotic skeleton in the body of CejjJialasjns and its vertical segmen-

tation, together with the non-calcification or the separation of the more superficial parts of

the integument and of the cartilaginous endo-skeleton, may be considered as indicating a

generalised condition of structure, in which the splint-skeleton was so far dominant as to

take on that self-repetition which is, in other cases, known to us as vertebral segmen-

tation.

The Heterostraci are associated at present with the Osteostraci because they are

found in the same beds, because they have, like CejjJmlasjjisy a large head-shield, and because

there is nothing else with which to associate them. There is at present no evidence that

the body and fins of Pteraspis and its allies were like those of Cephalaspis, and the

shields are not so closely similar in plan, much less in histological structure, as to warrant

any inference of similarity in other parts. Especially it is to be noted that, unless the

apertures considered as orbits in Pteraspis represent the antorbital fossae or olfactory

organ of CepihaJaspis, there is a total absence of such fossEe in the Pteraspidian shield,

whilst the alternative gives the absence of orbits, either of which is an important diff'erence.

The discovery of the bodies of Heterostraci will be a most welcome addition to

science, and for this we wait.

1 Professor Huxley's last suggestion on this matter ('Academy,' No. 2, p. 42) is that the CephalaspidcB

possibly connect the Monorhina (Lampreys) with the Sturgeons among the Amphirhine ; but why should

their exo-skeleton have so much importance attached to it as to indicate a leaning towards Ganoids rather

than Sharks ? Professor Huxley even speaks of the Cephalaspidce as Ganoids simply, which seems to be

taking too much on 'faith,' as regards their unknown viscera.





PLATE VI.

1 . Pteraspis rostrcdus, Ag. A very fine specimen ; with the surface markings (striae

and pits) well shown. Cradley. Dr. Grindrod.

2. A similar specimen, showing more of the posterior portion of the shield. Cradley

Dr. Grindrod.

3. A natural cast of the surface of part of the shield of Pt. rostratus, showing the

disposition of the markings round the orbit and on the cornu. Notice in this

and in fig. 1 the aperture {a) in the cornu, giving the appearance of a detached

projecting angle to part of the cornu. Author's cabinet.

4. A disc of Pt. CroticMi, showing clearly the characteristic form and the deep

incision posteriorly for the spine.

5. Cyathaspis Syniondsi. Cornstones, Herefordshire. In the Museum of the Geolo-

gical Survey (Jermyn Street).

6. A specimen of Pt. rostratus, showing the superficial markings of the posterior

portion of the shield. In the collection of Mr. James R. Gregory.

7. 8. Rostra of Pteraspis Crouchii. From the neighbourhood of Ludlow.

9. A fragment of Pt. rostratus, consisting of the ' orbital portion.'
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PLATE VII.

Fig.

1. A portion of the test of Scaphaspis Lloydii ; considerably enlarged, to show the form of the surface

ridges and the coarser structure of the lower layers of the shield. The piece is from near the

centre of the shield. Observe the flatness of the ridges.

2. A similar piece from the shield of Scaphaspis rectus, drawn to the same scale (the lower nacreous and

cancellated layers not being given). The ridges are of smaller size.

3. A similar piece from the shield of Pteraspis rostratus. The ridges are much narrower, and are rounded.

Drawn to the same scale.

4. A similar piece from the shield of Pteraspis Crouchii. The ridges are nearly as broad as in Sc. Lloydii,

and quite as flat. Drawn to the same scale.

5. A portion of the shield of Pt. rostratus, taken nearer to the margin, and including three of the 'pits'

or mucous-gland-sites. Same scale.

.5a. A fragment, showing the cancellated layer or polygonal cavities. Same scale.

6. A portion of the shield of Sc. Lloydii, from very close to its margin. The ridges become exceedingly

narrow, but maintain their relative proportion as compared with ridges from similar parts in Pt.

rostratus. Compare this with fig. 5, and fig. 1 with fig. 3.

7. The microscopic structure of the shield of Pt. rostratus. A section has been taken traversing the

ridges, four of which are seen in section. The dark matter above these is matrix. After Professor

Huxley.

8. Restoration of the cephalic shield of Pteraspis Crouchii, Salter.

9. „ „ Pteraspis rostratus, Agassiz.

These drawings and those in PI. VI should be examined with a magnifying glass. The

strialions have been very carefully rendered by Mr. Fielding, but it was not possible for him to

draw them actually as closely packed as they are in reality.

10. The microscopic structure of Pteraspis rostratus. A section has in this case been taken parallel

to the ridges. The vascular tufts and their connections with the polygonal cavities are seen.

Original.

1 1 . Under surface of the rostrum of Pteraspis Crouchii. Restored.

12. ,, Pteraspis rostratus. Restored.

13. Ideal longitudinal section through the shield of Pteraspis rostratus.

14. „ „ Pteraspis Crouchii.

15. „ „ Scaphaspis Lloydii.

16. Ideal transverse section passing just in front of the insertion of the spine in Pteraspis Crouchii.

17. „ „ more posteriorly.

19. „ „ more anteriorly.

18. Transverse section of Scaphaspis Lloydii.
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PLATE VIII.

Eucephalaspis {Cephalaspis) Lyellii ; the specimen figured by Agassiz, ' Poissons

fossiles,' pi. i, fig. I, 1835, now in the British Museum. The artist has

introduced the indications of pectoral appendages which were broken away in

exposing the series of marginal scales. Glammis, Perthshire. Compare the

direction of the scales in this and in PI. XI, fig. 1

.

A specimen of a scute, not forming part of the cephalic shield, and proved by its

ornamentation and occurrence to belong to Zenaspis {Cephalaspis) Salweyi

{=z asferolepis). Cornstones, Herefordshire. In the Museum of the

Geological Survey.

Another^ similar scute. Cornstones, Herefordshire. In the Museum of the

Geological Survey.

A somewhat similar fragment of doubtful character, but showing well the orna-

mentation as an intaglio. Cornstones, Herefordshire.

A small Cephalaspis from Herefordshire, showing the body in a rather fragmentary

condition, which the artist has failed to render. In the collection of Mr.

Morton, of Liverpool.

Hemicyclaspis {Cephalaspis) Murchisoni ; a fine specimen of the head-shield from

the Passage-beds of Ledbury, Herefordshire. In the collection of Dr.

Grindrod.
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PLATE IX.

Fig.

1. Head-shield of Hemicyclaspis {Cephalaspis) Murckisoni, showing well its posterior

margin and the angle of the shield on the left side. Passage-beds, Led-

bury. Dr. Grindrod. (See also PI. I, fig. 6, and PI. XII, figs. 3 and 4.)

2. EucepJialasjois [CepJiala-'^pis) Jz/assizii ; a head-shield from the Cornstones of

Herefordshire, which has not been crushed. The part of the cornu which is seen

is not its upper, but its lower Avail. Mr. Lightbody, of Ludlow.

8. Ell. Jffassizii ; a head-shield, exhibiting a more complete outline than fig. 2, but a

little crushed, whence the more ovoid and smooth contour which it presents.

Cornstones, Cradley. Dr. Grindrod.

4. A rim of a Cephalaspidian shield, perhaps Hemicyclaspis MurcJdsoni. Passage-beds

of Ledbury. Dr. Grindrod.

5. A large head-shield of Eucephalaspis Poioriei. The very great breadth of the

shield is due to the flattening by pressure to which the fossil has been exposed;

making allowance for this, the form of the cornua and the relative size and

position of parts of the shield may be contrasted with those in the neigh-

bouring figures. Mr. Powrie.

(). EueepJialasjns Agassizii ; a head-shield showing well the relative size of the cornua,

anterior position of the orbits, and form of the posterior median prolongation of

the shield. Compare this and figs. 2 and 3 ; their differences are simply due to

different pressure and preservation. Cornstones. Dr. Grindrod.



PLATE IX

C MllHClllt^ONl, AGASSIZIL, POWRIKI



I





PLATE X.

Fig.

1. Eucephalaspis {Cejjhalaspis) Powriei. This most beautiful specimen shows the

scales and fins in a marvellous state of preservation. The aspect presented is

the ventral one, and the body has been twisted so that the marginal series of

scales is on the right-hand side as one looks at the figure, whilst the dorsal

series is on the left, as also the dorsal fin, the great lateral scales intervening.

The form of the head (see also fig. 5, PI. IX) contrasts forcibly with that of

C. Li/ellii or C. A(jassizii, whilst the relative proportion of body and head is

different from that presented by the specimens of C. Lyellii in Pis. VIII and

XI. This specimen is from near Arbroatli, Forfarshire, and is in Mr. Powrie's

Collection.

2. Portion of the head-shield of a Cephalaspid from Forfarshire, showing the

orbits as seen from below, with indications of blood-vessels passing in from the

subjacent parts.

3. Eiiceplalaspis [Cephalaspis) Paget, two thirds the natural size.

4. Another specimen, drawn of the natural size. These two specimens have been

selected, as showing better than others in Mr. Powrie's magnificent series the

surface markings and the scales. These scales are not well represented in

fig. 3, in which it is not impossible that the ventral aspect is presented. The

dorsal fin is well seen in fig. 4. The woodcut, fig. 21, gives a faithful

outline of the head, restored from specimens less crushed than these are. Both

from the Cephalaspis-bed, Lower Old Red Sandstone, near Reswallie, Forfar,

In Mr. Powrie's cabinet.

4a, 4i5». Represent magnified bits, showing the surface markings of some of the scales ; 4(5

are, perhaps, ventral scales.

5. Eucephalaspis {Cephalaspis) asper. This specimen is in a grey nodule, the fossil

itself having a red tinge. The polygona^ arese are very strongly brought out

by the great pressure and the infiltration to which the shield has been sub-

jected. A piece of the 'rim' of the shield has become detached, as also in

the specimen in fig. 3. Mr. Powrie,

5a, bf^i. Represent the under and upper surface of two of the scales of the preceding

specimen, with some of the characteristic asperities.
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PLATE XI.

1. Eucephalaspis [Cephalaspis) Lyellii. Lateral view of the specimen from near

Arbroath, Forfarshire, now in the Arbroath Museum. The head is not well

preserved, nor is the material of the scales ; but their order, and the pectoral,

dorsal, and caudal fins are admirably displayed.

2. The same specimen, with a fragment of the body removed, displaying thus the

ventral series of scales. The two pectoral appendages are well seen in this

drawing, but the artist has introduced a joint-like structure in the right-hand

appendage, which cannot be justiBed from the specimen itself. Compare the

pectoral appendages of this specimen with those of Eu. Poicriei, PI. X, fig. L

3. Caudal fin of a Cephalaspis, ft-om the same bed which contains Emeplialaspis Pagei,

Eu. asper, and perhaps another species. Reswallie, Porfar. Mr. Powrie's

collection.

4. A small specimen of C. Pagei, with the head so crushed as to give the cornua an

increasedly incurved appearance.
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PLATE XII.

Fig.

1. Head-shield of a small Euceplialaspis from Forfarshire. The outline agrees with

that of the little specimen drawn in PI. VIII, fig. 3.

2. A portion of the cephalic shield of Zcnaspis {Cephalasjns) Salwep, Egerton

(= Harley), Cornstones, Herefordshire. In the Museum of the

Geological Survey. The outline woodcut, fig. 2G, has been drawn from a very

much finer specimen, which I obtained too late to figure in a plate. For the

dorsal scutes of this species see PI. VIII, figs. 2 and 3.

3. Hemicydaspis [Cejjlialasph) J'/irch/^o/zl= C. ornatus. From the Passage-beds near

Ludlow. In Mr. Lightbody's collection.

4. A similar specimen belonging to the Rev. P. B. Brodie. This and the above are

the specimens figured by Sir Philip Egerton, ' Quart. Journ. Geol. Soc.,'

vol. xiii, pi. IX, 1857.

Compare these two specimens with those from the Ledbury beds, PI. VTII,

fig. 6, and PI. IX, fig. 1. Their identity is fully proved by the

ornament.

5. Cephalas'pis Salwep. Sir Philip Egerton's figured specimen, loc. cit. Cornstones

of Acton Beauchamp, near Ludlow. Mr. Humphrey Salwey.

6. A specimen from the same locality, and probably referable to the same species.

Tlie oblong form and inequality of the tubercles on the surface at one time

appeared to me to separate C. Salwei/i from C. asterolepis, but a distinction

cannot be maintained on these grounds, since the tubercles are equally irregular

in specimens referred to C. asterohpis. This and the more perfect specimen

with cornua in the British Museum are rather small specimens of the species.

The cornua, which are long and rounded, are not preserved in this specimen.

See the woodcut, fig. 2G, page 53. This specimen belongs to Mr. Humphrey

Salwey.
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PLATE XIII.

Fig.

1. Didymaspis Grindrodii. The shield is imbedded with its concave surface upwards. Dr. Grindrod's

collection.

2. Natural cast of the same. From the red micaceous beds above the Auchenaspis Grits of Ledbury.

The artist has not fairly represented the character of these specimens, which are better seen in

vol. iv of the ' Geological Magazine,' pi. viii, figs. 4 and 5.

3. Auchenaspis Egertoni.

4.

Aa. A part of fig. 4 enlarged, showing the orbits, antorbital fossae and their septum, the superficial

lamina which covers them in having been broken away, and the hexagonal areolation of

the material of the test, Tiie surface is not preserved ; it is tuberculated, as in Cephalaspis.

."). A part of fig. 4 enlarged. The difference in form and size of the cornua in these specimens is due to

the more or less covering by matrix, a condition which the artist has not rendered apparent

in these or the other figures.

3, 4, and 5 are from the Auchenaspis Grits (Passage-beds), Ledbury, and belong to Dr. Grindrod.

6,6b. Fragments of scales from beds at the base of the Cornstones, Ledbury. Dr. Grindrod.

7, 8. Auchenaspis Salteri. The Passage-beds near Ludlow. Mr. Lightbody.

!)— 14. Eukei-aspis {Auchenaspis?) pustuJiferus, from the Downton Sandstone of Ludford Lane, near

Ludlow.

9. Central part of the head-shield, showing the orbits and finely tuberculated ornament in intaglio.

The margin is fractured, and has not the regularity here given by Mr. Lightbody.

10. Fragment, showing the central part of the shield, enlarged. Dr. Grindrod.

10a. The tubercular ornament still more enlarged.

1 1 . One of the long cornua, showing the denticulations on the outer margin which led to such spe-

cimens being considered as the jaw of a fish, the Plectrodus pustuliferus of Siluria. Mr.

Lightbody.

12. A specimen showing the marginal cavities or cells exposed by the breaking away of the upper

surface of the shield. Dr. Grindrod.

13. A specimen which shows well the form of the shield and cornua (see woodcut, fig. 31). The

whole of the superficial lamina of the test is gone, and the subjacent cavities and laminae

exposed. The part here preserved appears to agree with the anterior moiety of a shield of

Auchenaspis or Didi/maspis. The two bodies which have the appearance of orbits are cavi-

ties nnderlying the shield surface, like the marginal cells. The true orbits lie anteriorly to

this. Compare the figure of these genera. Mr. Lightbody.

14. A fragment which shows beautifully the impression of one of the long cornua and a part of the

head. The denticulations of the margin are not drawn finely enough, and the cornu is

represented as thicker than it is really. Mr. Lightbody.

15, 16. Fragments, the like of which are not uncommon in the lower parts of the Cornstones of Here-

fordshire, probably the angles or cornua of Ceplialaspidian shields which have been rolled and

washed. Dr. Grindrod.

17, 18. Mesially placed scutes belonging to some Cephalaspid of the same character and mode of

occurrence as figs. In and 16. A specimen of very much larger size, similar to fig. 17, has come

under my notice, and appeared to belong to Zenaspis. It is not figured in this work. Compare

PI. VIII, figs. 2, 3, and 4, with these. Dr. Grindrod.

19. Cephalaspis Li(/hthodii, from the Passage-beds near Ludlow; the under surface of a very large and

characteristic marginal rim is presented ; in the lower part of the specimen a portion of perhaps

the dome of the shield is seen in intaglio ; more probably this belonged to an additional scute.

Mr. Lightbody.

19rt. A part of the tubercular ornament enlarged.

20. Kallostrakon podura. Lower Cornstones, Herefordshire. Dr. Grindrod.

2'. Intaglio of a similar fragment, differing a little iu the character of its markings. Dr. Grindrod.
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PLATE XIV

Fir.

1. Horizontal section about the middle layer of the shield of Zenmprs, magnified 50

diameters.

.2. The same, magnified .200 diameters.

3. Horizontal section of the lower layer of the same, magnified .200 diameters.

4. Horizontal section of tubercles of Zenaspis, magnified 30 diameters.

5. The same, magnified 120 diameters.

0. Horizontal section of a portion of the scale of Kallosfrakon podinri, magnified 200

diameters.

7. A portion of the shield of Zenaspis Salivei/i, magnified 4 diameters. The substance

of the shield is worn away from the right down to the left side of the

specimen, and thus the successive layers are exposed ; on the right hand top

corner the shining tubercnlar snrface ; below this the radiating stellate forms

due to the disposition of the vascular canals ; below this again simple hexagonal

or multiangular pieces completely emarginated by canals ; and lastly, horizontal

branching canals, causing the "fibrous structure" spoken of by Agassiz.

\'ertical canals are seen in section as minute dots in all the different

thicknesses.

S. Vertical section of a part of the shield of Cephalaspis Lyellii, copied from Prof.

Huxley's paper in 'Quart. Journ. Geol. Soc.,' vol. xiv, ISoS.
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Order—PTEROSAURIA, Owen.

Genus—Dimorphodon, Owen.

Species—Dimorphodon macronyx, BucMand.

Remains of volant Reptiles {Plcrosaima) were later recognised, and, save in the

instance about to be recorded, in a more fragmentary or scattered condition, in England

than in Continental localities.

A single bone or tooth gives value to a slab of Stonesfield Slate, and the evidence of

a Pterodactyle rarely goes beyond such specimen in that Oolitic deposit. A jaw with

teeth, or a skull more or less entire, from the Chalk of Kent, or the Upper Green-sand of

Cambridge, has been welcomed for the fuller information so yielded ; and such fossils,

with a few detached vertebras and wing-bones, have expanded our conceptions of the

bulk attained by some of the Flying-dragons at the decline of the Mesozoic period.

When the waters over which they flitted had a clayey or muddy bottom it afforded a

quieter resting-place to the dead body of the Pterosaurian therein entombed. So the first

discovered s])ccimcn of one of these in the upraised petrified ocean-bed now forming the

Liassic clifts of western Dorsetshire afforded Buckland^ subjects, in the compass of a slab

about a foot square, for a description and figures of the leg and wing-bones, with part of the

1 "On the Discoverj' of a New Species of Pterodactyle in tiie Lias at Lyme Regis." By the Rev. \V.

Buckland, D.D., F.R.S., F.G.S. (Rend Feb. 6, 1829.) 'Transactions of the Geological Society of

London,' second series, 4to, vol. iii, 1835, p. 217, pi. xxvii.

6
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vertebral column, of the species which he called Pterodadyhis macronijx—the first

evidence of the genus from deposits so low, or ancient, in the Oolitic series.

In 1858 I obtained the skull, with a few other parts of the skeleton of the same or a

closely allied species, from the Lower Lias at Lyme Regis, and communicated a brief

notice of it to the British Association, which that year met at Leeds.^

This specimen confirmed the accuracy of Buckland's conjecture, which I had doubted,

viz., that the portion of lower jaw with the series of small lancet-shaped, close-set teeth,^

in a second slab of Lias, belonged to the same Pterodactyle as the limb-bones he described

;

but it also showed that these teeth, so like those of some Fishes, were limited to the lower

jaw, and were associated, in the same mouth, with long, slender, trenchant and sharp-

pointed laniaries, projecting with wide intervals, and set in advance ; which kind of teeth

had, hitherto, alone been found in the different species of flying Reptiles.

The chief result of the study of the second discovery of a Pterosaurian in Lias, viz.,

its evidence of a new^ generic form {Dimorjjhodon) in the order of volant Beptilia, in

addition to Rampliorkynchus, von Meyer, and Pterodactylus proper, was noted in the com-

munication above cited.

The third specimen about to be described confirms that taxonomic deduction, showing

a combination of the caudal character, mainly differentiating Mamphorhynclius from

Pterodadylm, with the dental character above defined.

I propose first to describe and figure the two specimens yielding the cranial and

dental characters of Bimorpliodon, and then to attempt a restoration of the Liassic species,

D. macronyx.

The first specimen with the skull is figured in PI. XVIL It is on a slab of Lias, mea-

suring 11 inches by 7 inches. The right side of the head is exposed :^ it has been subject

to pressure and some degree of dislocation. Certain bones of both wings, and a few

other parts of the skeleton are preserved, pell-mell, in this slab, pressed amongst

and upon the bones of the head, especially at the back part of the skull.

The right premaxillary (22), maxillary (21); and nasal (15), are almost in their natural

positions, give the profile contour of that part of the skull, show most of the teeth of the

right side upper jaw, and reveal the singular expansion of the nasal (w) and antorbilal (a)

vacuities. The alveolar part of the left maxillary (8'), with its ascending postnarial

branch has been pushed obliquely downward, with fracture, but without much

displacement, of the beginning of the alveolar ray, the inner surface of which is

exposed.

The mandible (,32) has been dislocated and pushed below the place of its articulation

with the tympanic (28) : the left ramus has also been subject to the same force which has

1 "On a New Genus {Bimorphodon) of Pterosauria, -with Kemarks on the Geological Distribution of

Flying Reptiles ;" in 'Reports (Sections) of tlie British Association,' 1858, p. 97-

2 Buckland, loc. cit., pi. xxvii, fig. 3.

^ The specimen has been drawn, in PI. XVII, without reversing.
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dislocated that side of the upper jaw ; the hind part of this ramus is ol)H(|uely depressed,

so as to expose the inner surface (32).

Tlie anterior entire or undivided part of the i)remaxillary {22) is about 2 inches in length,

and \ \ inch in vertical height at its back part: it contains four pairs of teeth, which are

the largest and longest of the series. The foremost tooth (1) is terminal, with a crown

5 lines in length, rather over 1 line in breadth (fore-and-aft) at its base ; it 'is subcompressed,

subrecurved, and sharp-pointed. An interval of 4 lines divides it from the second tooth

(2), with a crown 5i lines long. After an interval of 7 lines projects the crown (3) of

the third tooth, 7 lines in length and 2 lines in basal breadth, sharp-pointed like the first,

but less bent. The socket and base (?) of the fourth tooth appear at an interval of

lines, and below is the entire and displaced honiotypal tooth (4') of the left side, showing

the cavity on the inner side of its root which would have received the successional laniary.

This tooth measures 1 inch 2 lines in total length, of which the exposed enamelled crown

forms two-thirds. In advance of the foremost tooth (1) is seen part of its homotype (!') of

the left side, also displaced from the socket, and showing the depression and vacuity on

the inside of the base, in relation to the succeeding tooth. Beyond the fourth alveolus

the maxillary (21) aj)pears, underlapping the part of the preniaxillary (22") which defines the

lower and anterior part of the narial vacuity : the maxillary is continued straight backward,

with feeble indications of two crushed alveoli (5, e) for 1 inch 9 lines, when the seventh

laniary (7) projects almost straight downward: the crown of this tooth is 5 lines long; the

root, covered with rougher cement, slightly contracts to its implanted end, which has

slipped a short way out of its socket. An interval of 4 lines divides this from the next

laniary (s), which shows a crown of but 3 lines in length ; this projects opposite the fore

part of the lateral post-narial branch (21'^) of the maxillary. The base of the left

homotypal tooth (8') projects from the same part of the dislocated left alveolar branch of the

maxillary ; and above this, on the inner side of that bone, is exposed the coronal germ of

a successor. In the right maxillary two other straight laniaries (9, 10) of rather decreasing

length, project with similar or rather lessening intervals : then follows, after an interval of

3 hnes, a pointed compressed crown 1^ line in length (11) ;
and, at shorter intervals,

two smaller pointed compressed teeth (12 and 13).

These thirteen cuspidate teeth of the upper jaw are included in an extent of the

alveolar border measuring 5 inches 2 lines. That border is continued backward, straight

and edentulous, for 9 lines beyond the last tooth, when it is crossed by the large and long

first phalanx (/r 1) of the wing-finger. This edentulous part of the maxillary forms the

lower straight border or base of the large triangular antorbital vacuity (a), at the back

part of which it is overlapped by the fore part of the slender malar (2G). Above this

vacuity are parts of the nasal (15) and prefrontal (11), both somewhat displaced in this

crushed part of the skull. The arched part of the frontal forming the upper part of the

rim of the orbit (o) is recognisable at (11) PI. XVII. Above its hind part are indications of

the post-frontal (12) and mastoid (s), with the process of the latter descending external to
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its articulation with the tympanic (28). The metacarpus and dislocated unguiculate digits

of the wing-limb are confusedly interblended with the crushed and dislocated back part

of this skull; three phalanges (/r l, /r 2, 3) of the wing-finger are determinable.

The two anterior teeth (1', 2') of the mandible show longitudinal angular depressions at

their base, indicating exposure of their inner side, and that they belong to the left ramus.

The corresponding part of the right ramus may have been broken away : the third laniary

(3') clearly belongs to this ramus, which is fractured beneath its socket. The point of this

tooth is broken off : what remains of the body is curved, and is implanted more obliquely

backward than the two preceding teeth. This at first led me to suspect it might be the

foremost tooth of the mandible, and that the left ramus had been pushed in advance as well

as downward : but my doubts on this point have been set at rest by the specimen (PI.

XVIII) next to be described, and I view the tooth in question as the third of the mandibular

series : it is divided from the second by an interval of 6 lines, and the second stands at a

rather shorter interval behind the first. Five lines behind the third tooth is the base of a

fourth laniary (4'), and four lines further back is an indication of a fifth (5')- This is followed

by the characteristic series of between thirty and forty very small, subcompressed cuspidate

teeth, each less than a line in length, corresponding in extent with the maxillary part of

the upper jaw. The entire series of mandibular teeth occupies an extent of alveolar

border measuring 5 inches 1 line.

The depth of the right ramus gradually increases from 5 lines below the last laniary

to 10 lines below the last denticle. The inner side of the dislocated ramus (,32 ) shows a

strong longitudinal ridge projecting inwards about 3 lines above the lower border. The

outer surface of the ramus seems to have been strengthened near its lower border by a

similar but lower ridge.

The distal ends of the antibracliial bones (54, 55) overlap the hind part of the mandible

:

that which shows the larger articular surface, opposite the three slender metacarpals,

should be the radius. The base of the supplementary styloid bone appears near the distal

end of the ulna, but is better shown in Buckland's original specimen.^ Indications of

two carpals intervene between these and the metacarpus. This overlies and conceals the

articular pedicle of the mandible and contiguous parts (squamosal, malar, &c.) of the

skull. The metacarpus includes the thi-ee slender supports of digits ana/// and the

strong and thick metacarpal of the wing-finger (/,). This bone, being almost con-

cealed by the first phalanx in Buckland's specimen, was overlooked, and that phalanx

was described as the metacarpal of the wing-finger, which, accordingly, in the restoration,

fig. 2, PI. 27, of ' Buckland's Memoir,' is made three times the length of the other and

more slender metacarpals (,3')- I have, therefore, had that part of the original specimen,

now in the British Museum, redrawn (PI. XIX, fig. 1), the true metacarpal being shown at

m 4. It corresponds with the same bone in previously described Pterosauria by surpassing

in thickness, not in length, the other constituents of the metacarpus. In the specimen,

1 As in the part re-drawn in fig. 1, PI. XIX.
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PI. XVII, the metacarpal of one wing-finger is clearly shown at /' -« That of the other, lying

upon the cranium, is more obscure. The thin compact wall of this pneumatic bone has been

crushed in upon the wide air-cavity, as with most of the other long bones, so that it looks

like two metacarpals. The proximal articular surface of n-m is partly concave and partly

convex : the distal articulation is trochlear, moderately concave from side to side at the

middle, convex from behind forward, with a depression behind, above the articulation, for

securing the olccranoid process of the proximal phalanx. This phalanx (/,- i), in one

wing, is bent back upon the fore-arm, crosses the dislocated mandible, and has been

pressed upon it, long and hard enough to leave a channel in the right ramus, where part

of the phalanx has been removed : its length is 4 inches G lines.

The second, more slender and longer phalanx 2), is bent at nearly a right angle

with the first, and lies below and parallel with the mandible : it is nearly 5 inches in

length. The third phalanx 0, 3) is bent upward in front of both lower and upper jaws

:

4^ inches of its length is preserved in the slab : from the analogy of the better pre-

served specimens (PI. XVIII, 3), about I inch 3 lines are wanting from the

distal end.

Of the three unguiculatc digits the characteristic large claws are preserved : one (//) lies

above the frontal (11) with the penultimate phalanx ; the other two are between the upper

and lower jaws, with some of the slender phalanges : all these parts of the ramus having

been dislocated and scattered.

Parts of the distal ends of the radius and ulna (54', 55')^ the metacarpal of the

wing-finger (/' »'•), and the proximal end of its first phalanx of the opposite fore-

limb, occupy a lower corner of the slab ; carpal bones, one of the accessory styloid ossicles

of the forearm, some of the slender metacarpals of the claw-fingers can be made out

above these : and there are more obsciu'e indications of vertebrae at that end of the slab,

curving toward the cranium.

All the osseous and dental textures arc black, as if charred by slow combustion of the

animal matter.

DiMORPHODON MACRONYX. PI. XVIII.

In August, IbGS, I was favoured by the Earl of Enniskillcn, then at Lyme Regis,

Dorsetshire, with a list of parts of a Pterodactyle, in a slab of Lias about 20 inches by

11 inches, and of otiier [)arts in detached portions of Lias, including the entire tail with its

bone-tendons, which his Lordship had observed at Messrs. James and Henry Marder's,

the judicious and persevering collectors of the fossils of that rich locality.

The result of this valnal)le and timely information was the securing for the British

Museum the entire series of these Pterosaurian fossils.
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They proved to be parts of the Dimorphodon macronyx, confirmed many of the

observations made on previously acquired specimens, corrected others, and added almost

all that was required for the restoration of the skeleton of this remarkable genus and

species, which I have accordingly attempted in PI. XX.

The slab of Lias with the second specimen, including the skull of DhnorjjJiodon macrovyx,

is of larger size, shows more of the skeleton and in a more separated and definable state

than in PI. XVIL Nine dorsal vertebrae, third to eleventh inclusive, in natural juxta-

position, with the twelfth slightly dislocated, are preserved at the ujjper part of the slab

(PI. XVIII, d). The summits of the neural spines («s) of most of these, and the disposition of

many of the preserved ribs, show that they lie mainly with the dorsal aspect downward (as the

specimen is figured). This explains and accords with the position of the parts of the pelvis,

which lie a little way behind the dorsal vertebrae. The comparatively slender ilium (ga^ss)

is downward ; the broad ischium (^g), and the pair of spatulate pubic bones (jj^), are turned,

like most of the ribs, upward, as I conclude the abdominal or ventral surface of the trunk

was directed as the fossil lies in the figured slab. The bones of the hind-hmb, in connection

with the acetabulum, are turned outward, with their iimer surface exposed. The projections

of the trochlear terminations of the metatarsals {i, iv, eg), show that the sole of the foot

is turned to view. Accordingly, we have here the bones of the left hind limb. On the

hypothesis that the femur and tibia are seen from the outside, which at first snggests

itself, they would belong to the right limb, viewed in profile. But then, the broad thin

plate of bone contributing to the acetabulum, would represent the ilium, and the indi-

cations of the pelvis below the acetabulum and head of the femur would represent ischium

and pubis. This interpretation, however, gives to Dimorphodon proportions of pelvic

bones very diflerent from those determined by Wagner in Vterodactylus Kochii^ and by

Quenstedt^ in Pterodadylus suevicus ; and, besides, it leaves undetermined the pair of

bones (g4, Pl.XVlII) which closely resemble in form and proportion the 'pubic bones' {u, u) in

Quenstedt's instructive plate."'^ In this plate the ilia («, s) are represented as long slender

bones, contributing the upper but smaller proportion of the acetabulum, and extending

horizontally ])eyond it both forward and backward. The pelvis, in the position in which

I conclude it to lie in the slab figured in PI. XVIII, might well afibrd such indications of

the pre- and post-acetabular productions of the ilium as are there shown at 02,02- In

Pterodadylus suevicus the ischium contributes the lower and major half of the

acetabulum {tr, loc. cit.), and expands into a broad thin plate [s, ib.), having the pro-

portions to that of the spatulate pubis, wdiich the bone cs bears to ci, in PI. XVIII. The

portion of the pelvis in the original specimen being preserved in natural connection with

1 " Uebcr Ornithocephalus Kochii," in ' Abhandl. d. math.-phys. Klasse der Bayerisclieu Akad.,' ii,

4to, Muiichen, 1837.

" ' Ueber Pterodactylus suevicus,^ &c., 4to, Tubingen, 1855.

2 111 tbc Memoir above cited.
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the sacrum and contiguous vertebra3 is figured in PI. XIX, fig. '2
; and the constituent

bones are rightly recognised by Buckland (op. cit., p. 222).

It is interesting to note, that the pelvis of Fleromuria, so determined, reseml)lcs more

closely that of the existing representatives of the section of Bcplilia with the 4-chambered

heart and double-jointed ribs, viz., Crocodilia, than it does the pelvis in Chelonia and

Lacertia. The ischium in Crocodilia, e. g., surpasses the pubis in size, and excludes that

hajmapophysis from the acetabulum.^ The ischium seems to contril)ute the larger share

of the acetabulum in Dimorphodon, PI. XVIII, a- In Birds, as in Lizards, the puliis

forms part of the acetabular cavity .-

In the specimen, PI. XVIII, a portion, cd, of a long tail, of which the vertel)r3c were

surrounded by numerous slender bone-tendons, extends backward and downward beyond

the j)elvis : a better preserved portion with three caudal vertebrae (c d') is preserved in a

detached part of the matrix found in the vicinity of the larger slab. But to this part of

the vertebral column I shall return in describing the more perfect specimen of the tail of

Dimorphodon, from another individual (PI. XIX, fig. 4).

Behind the skull are four cervical vertebrae (PI. XVIII, c), and part of a fifth in natural

juxtaposition, or perhaps a little separated at the articular surfaces. The under surface of

the centrums and articular processes of the neural arches are exposed. The sides of the

centrums show a slight concavity, but their crushed state obscures the natural contour of

the under surface. The hind part of the under surface, in the last two of these

vertebra), shows a pair of low obtuse processes, with an indication of a convex terminal

articular surface. The centrum expands in breadth as it advances, and sends out a short

thick process (parapophysis) from each side of the fore part ; to which, in the last three

vertebrae, are indications of attachment, or parts, of a backwardly produced styliform rib.

At the midline of the fore part of the last two of these vertebrae a fracture indicates a

ridge or process there to have been broken off. The pre-zygapophyses are thick, and project

far in advance of the concave anterior articular surface of the centrum : the convex

posterior articular surface of the centrum projects as far beyond the post-zygapophyses.

Their joints are more vertical than horizontal : the posterior surfaces looking slightly

outward and downward.

The superior breadth of the neural arch, as compared with that of the centrum,

brings its articular processes into view, along each side of the vertebral bodies, in the

degree shown in PI. XVIII, c. The character of the articulations indicate less extent and

freedom of movement of the cervical vertebrae than in Birds, and more restriction in the

lateral than in the vertical directions. The interlocking joints resulting from the diflfcrent

lengths of the fore and hind articular processes add strength to the part of the spine

supporting the head.

The cervical vertebra; of Dimorphodon, so far as their structure is exemplified in the

1 'Anatomy of Vertebrates,' vol. v, p. l!s8, fig. 119.

2 lb., p. 190.
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present specimen, conform to the pterosaurian characteristics of these vertebrae, as shown

in those of Pterodacfylus Sedgwiclcii, described and figured in the ' Monograph on the

Fossil ReptiHa of the Cretaceous Formations,' Supplement No. 1 (1859), pp. 7—10,

PI. II, figs. 7— 18 ; and in those of Fterodactylus simus, ib. Supplement No. Ill (1861),

p. 7, PI. II, figs. 1— 5.

The skull preserved in tlie present specimen agrees in size vi'itli that in the slab pre-

viously received (PI.XVII), repeats the characteristics of the gexwx's, Dimorphodon,i\\\A shows no

differences of greater degree or value than may be set down to individual modifications. The

part defective and partly obscured by intrusive bones from other parts of the skeleton is un-

fortunately that which leaves the precise determination of structure unsatisfactory in the pre-

viously described specimen. A trace only of tympanic remains at 28, and of the descending

styloid process of the mastoid at 8 : the thick metacarpal of the wing-finger (iv, m), intrudes

into the orbit, and overlaps the upper end of the malar (26). More of the part of the frontal

forming the superorbital arch (ii) is shown than in PI. XVII. Part of the concave surface

of the orbital cavity beneath the superciliary ridge is here seen. The lacrymal (23) or

descending branch of the prefrontal (14) meets the ascending process from the combined

malar and maxillary, dividing the orbital from the antorbital cavity. The true size and

shape of the latter vacuity (0) is here well dis[)layed. The maxillary styloid process (21")

rises, at the same angle backward as in PI. XVII, to join the nasal (15). The medial branch

or ray of the premaxillary (22'), the end of which is depressed below the prefrontal in

PI. XA^II, preserves its position in the present specimen, and yields the true arched

contour of the profile of this remarkable skull.

The eutire vertical extent of the vast narial vacuity, n, is here given, the longitudinal

one, 3^ inches, precisely agreeing with that in the first-described skull. The anterior

part of the premaxillary (22) shows, also, the same proportions and shape, viewed side-

ways, as in the first specimen. The conformity is instructively continued in the characters

of the dental system. The apex of the crowai of the laniary (PI. XVIII, 1) from the fore end

of the premaxillary shows the same curvature and proportions as in PI. XVII; the same

interval divides it from the second laniary (2) ; the longer interval, again, occurs between

the second and the third laniary, with a longer and less curved crown. After an interval

of seven lines comes the fourth tooth (4), corresponding in size and shape with the one

which is displaced in PI. XVII, 4'. After an interval of nine lines the apex of the crown of'

seemingly, the successor of the fifth laniary (5) appears. It may be, normally, smaller

than the rest; the socket of this tooth is feebly indicated in the subject of PI. XVII. The

sixth laniary (6) shows the same size and relative ])Osition as in that subject, and the same

may be said of the five succeeding teeth, save that the last is rather larger than in PI. XVII,

which also shows an additional small hind cuspidate tooth. The suture between the

premaxillary (22") and the maxillary (21) is more plainly discernible in the present specimen.

The extent of alveolar surface of the left upper jaw occupied by the above-described

dental series is 5 inches 3 lines.
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In tlic left ramus of the maiulible two of the large anterior laniarics are in place ; one,

answering to the second in PI. XVil, 2', })rojects across the diastema between the second

and third tooth above ; in size, shape, and curvature, it resembles the second upper laniaiy,

close to which it terminates. The next mandibular tooth is larger, less curved, and crosses

the middle of the interval between the third and fourth upper laniaries. The tooth (!')

displaced beneath the mutilated fore part of the mandible, I take to be the foremost of

the mandibular series and suppose that its point would naturally project across the interval

between the first and second of the upper teeth. The fourth laniary appears to be more

displaced : its base or root, with a lateral depression, is shown behind the fifth tooth of

the minute serial teeth, and the crown passes obliquely backward on the inner side of

that of the sixth upper laniary, by which it is concealed. Of the serial teeth, with pointed

crowns from half a line to a line in length, about thirty may be reckoned occuj)ying an

alveolar extent of 2 inches, 9 lines.

At the hind j)art of the left mandibular ramus, here exposed, three longitudinal

ridges define two vacuities, of which the inferior may be natural. The upper one seems

more plainly due to loss of the thin outer plate of bone extended between the upper two

ridges. The proportions of the ramus closely accord with those of the first-described

specimen. The fore part of the mandible is too much mutilated for useful comparison.

The dentition of Dimorphodon, as displayed by the second specimen of skull, consists,

in the upper jaw, of laniaries with wide intervals, eleven in number on each side ; in the

lower jaw, of foiu*, if not five, laniaries implanted at the fore part of each ramus of the

mandible at intervals corresponding with three of the four anterior laniaries above ; then

follows the long series of close- set and minute pointed teeth. The difference of dentition

as compared with the first specimen (PI. XVII) is, in the upper jaw, in the additional

small laniary or cuspidate tooth at the back part of the series in that specimen. In the

lower jaw there does not seem to be any noteworthy difference in the number, kinds, and

position of the teeth. The longest laniaries are included between the second and fifth in

both jaws : the upper laniaries after the fourth become small and straight.

At the first view of the framework of the huge head of our Liassic dragon one is

struck with the economy of bony material and the purposive skill with which it has

been applied or disposed, so as to give strength where resisting power was most required.

The lodgment of the poorly developed brain enlists a miserably small proportion of the

skull : the cranium proper, or brain-case, is relegated to an out-of-the-way corner, so to

speak, and there it is almost concealed by the projections for joints or muscular

attachments. The orbits accord with the large eyes given to this volant and swift-moving

Reptile.

One can conceive no necessary interdependent relation between the wide external

bony nostril («) and the organ of smell, nor be led to conjecture that the tegumentary

inlets to the nasal chamber Avere (larger than is usual in Reptiles.

The main purpose of the head is for prehension of i)rey. The jaws are produced far

7
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forward to form a wide-gaping mouth, and are formidably armed. We may conceive,

therefore, that the dragon may have occasionally seized an animal of such size as to

require considerable force of jaw for overcoming its struggles. The means of resist-

ance were afforded to the upper or fixed maxilla, not by a continuous wall of bone, but

by curved columns or abutments. The chief of these is the upper medial arch of bone

which overspans the skull lengthwise, from the short roof of the cranium to the

fore part of the premaxillary (22) ; the frontals (u) and nasals (15) combining with the

mid-fork or branch of the premaxillary (22',) to constitute this arched key-ridge of the roof

of the head.

From it two piers or buttresses out-span on each side, to give strength and resistance

to the upper jaw, and especially its alveolar tracts. One, proceeding from the

nasal, meets the uprising process of the maxillary (21) ; this abutment, curving from

above outward and obliquely forward, expands and backs the part of the jaw where the

second group of large laniaries project. The second buttress is continued from the pre-

frontal (14), and arches more directly outward to meet the uprising process of the

malo-maxillary. A third arch, due to the post-frontal (12) and malar (26), expands to abut

upon the hind end of the maxillary arch, and gives support to the part of the skull which

the temporal muscles tended to pull downward when they were giving to the mandible

the power of a strong bite or grip. Finally, comes the strongest of the four piers, due to

the mastoid (s) and tympanic (2S), for giving articular attachments to the rami of the

lower jaw.

Thus, four vacuities appear in the side-walls of the skull : the first («) is the largest,

between the small consolidated or continuous fore part of the skull (22), and the naso-

maxillary pillar (21", 15). This vacuity answers to the external bony nostril of the same side,

in the Lizard's skull (PL XX, fig. 3, n), where the nostrils are divided and more or less lateral.

The second vacuity («) is somewhat less, of a triangular form, with the base downward : it

answers to the antorbital vacuity in Lyrioceplialus (ib., a) and a few other Lizards, and to that

in Teleosaurus, where, however, it is very small. The third vacuity (0) still decreasing, is

oval, with the narrow end or apex downward : it answers to the orbit, but is of large size

compared with most Saurians ; it is, however, exceeded in relative expanse by the orbit in

Li/riucejjJialus (ib.,o).

The fourth vacuity is the narrowest : it answers to the so-called ' temporal fossa ' and

was occupied by the muscles of the same name. Extension of surface, for their origin, and

additional strengthening of this back part of the skull are gained by laying horizontally

across the temporal fossa the bony beams called 'upper and lower zygomata,' arching

from the postfronto-malar to the masto-tympanic vertical columns. The heavy phosphate

of lime, thus singularly economised by the disposition of the bones on mechanical prin-

ciples plainly to that end, is made to go still further by the arrangement of the osseous

tissue. Every bone is pneumatic, the abundant, open, cancellous structure being included

in a very thin layer of compact osteine.
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The bones of the Hiiibs are dislocated and dispersed in the way and degree common

to the specimens of this animal hitherto discovered (Biickland, loc. cit., pi. xxvii ; and pis.

XVII and XVIII of the present Monograph). The scapula (PI. XVII, 5l) and coracoid

(ib., 52) in the same anchylosed condition as in the first-described specimen, are at the end

of the slab opposite to that with the head. The corresponding humerus (53), preserved in a

separate portion of the block of Lias, shows the entire contour of the pectoral process [d).

The right humerus (53') lies below the dorsal vertebrae (d) ; the upper part of the pectoral

process (i) is wanting, but the obtuse thickening of the end of that remarkable pro-

duction is well shown. The ridge {c) called ' ulnar,'^ descending from the ' lesser

tuberosity,' appears in this view of the ' palmar' surface of the bone.^ The sigmoid

flexure of the shaft is much better marked than in the humerus of Fterodadylus suevicus?

The stronger walls of the humerus have resisted the pressure better than those of

most of the other long bones.

Of the antibrachial bones parts of the shafts, crushed, are seen at 54, 55, apparently

of the right wing. With the distal ends of these, the right carpus (56) and metacarpus

(57) appear to have retained their natural connections. The slender metacarpals of the

first (i), second (n), and third (ni) digits appear emerging from beneath the left hind

foot which overlies their proximal ends. The phalanges of the first digit (i), tw^o in

number, preserve their natural articulations. As are also those of the second digit, three

in number. The metacarpal of this digit is longer by 2^ lines than that of the first. The

additional phalanx would seem to be the proximal one, by its shortness : the second

phalanx more nearly agrees in length with that supporting the claw-phalanx in the first

digit; but it is thicker and a little longer. The four phalanges of the third digit (m) are

dislocated; but the penultimate, which is the longest, retains its connection with the

ungual phalanx. The proximal phalanx is longer than the second, which resembles in

length, and seems homotypal M'ith, the proximal phalanx of the second digit. It may be

concluded, therefore, that the additional phalanx to 11 and m was developed at the

attachment of the digit to the metacarpus. The largely and abruptly expanded meta-

carpal of the fourth digit is in great part covered by the correspondingly thickened and

much elongated phalanx {jy^ 1) therewith articulated. The olecranoid process of this

phalanx is well shown, and the entire bone is preserved : its length is 4 inches 2 lines : it

is bent directly and abruptly back upon its metacarpal. To the distal end is attached

part of the second phalanx (/,-_ 2).

The proximal phalanx of the left wing-finger is preserved in a detached (/'', 1) part of the

slab (PI. XVI II) containing the major part of the skeleton. The second phalanx (/,; .. ) of the

left wing-finger lies in that slab, is entire, and yields a length of 4 inches 9 lines. The third

1 'Monograph on Fossil Reptilia of Cretaceous Formations,' Siippl. No. iii, 18G0, p. 1-4, pi. iii,

fig. 1, c.

2 Op. cit., 190.

3 Quenstedt, op. cit., c I, c r.
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phalanx 3) is 5 inches 6 lines in length ; near its distal end is part of the slender terminal

phalanx of this digit (/r, 4)- There is no trace of a fourth unguiculate digit, and I return to

Cuvier's view of the structure and homologies of the hand of the Petrodactyle,^ which I

had abandoned in favour of the seemingly more perfect evidence supporting Professor

Goldfuss' restoration of Pterodactylus crassirostris,^ adopted by Buckland ^ and myself.*

The metacarpal of the left wing-finger {ir,,,,; PI. XVIII) lies beneath the back part of

the skull, and is over-lapped by the superorbital part of the frontal. Portions of two of

the unguiculate digits of the same fore-paw Q jj) are seen in the wide narial vacuity.

The definition and finish, so to speak, of the joints of the wing-finger are worthy of

note, especially of that between the metacarpal bone and proximal phalanx. In Reptiles

generally the articular extremities of the long bones are not very definitely sculptured, and

do not manifest that reciprocal adaptation of their inequalities which are observed in the

joints of Mammals and Birds. The difficulty of determining the coadapted extremities of

detached bones of Reptiles is increased by the great thickness of the cartilage which covers

them and renders their mutual contact more intimate, and which is always wanting in

fossil bones. The Pterosaurian modification is, however, purely adaptive ; and the relation

to Warm-blooded Vertebrates in this respect is one of analogy. An argument in favour

of avian affinity from the joint-structures could only be propounded by one not gifted with

the judgment needed to deal with problems of this nature.

The left femur (65') preserves its natural articulation with the acetabulum ; the head is

bent forward from the line of the shaft for an extent like that at which the condyles are

produced backward ; the shaft is straight, the great trochanter is feebly developed. There

is no evidence of a modification of the distal condyle for the interlocking articulation with

the fibula, which in Birds relates to their bipedal station and walk. The length of this

femur is 3 inches 4 lines

The left tibia (66'), bent back at an acute angle upon the femur, measures 4 inches 10

lines in length. There is no trace of patella, nor has this sesamoid bone been found in

any Pterosaur. The inner side of the bone being exposed, the styliform rudiment of the

fibula is hidden from view. The trochlear termination of the distal end of the tibia is

better marked than in Crocodilus, or even than in Scelidosaiirus (' Monograph on Oohtic

Reptilia,' Part 11 (1863), p. 16, PI. X, 66), and consequently approaches more nearly to

the characteristic form of the joint in Birds. The resemblance to the bicondyloid termina-

tion of the femur is instructively shown in the distal portion of the Pterosaurian tibia

figured in PI. XIX, figs. 8 and 9, and in the distal half of the right tibia of Dimorpliodon

1 'Ossemens Fossiles,' 4to, v, pt. ii, p. 371.

~ Beitrage zur Kentniss verscbiedener Reptilien der Vorwelt, in 'Nova Acta Acad. Natur. Curios.,'

Leopold Carol., &c., ^ito, torn. xv. " lleptilien aus dem lithographischen Schiefer, Pterodactylus crassiros-

tris, nobis, tabs. VII—X."

3 'Bridgewater Treatise,' Svo, 1836, pi. 22.

4 Owen's 'Palaeontology,' 8vo, 1861, fig. 97.



LIASSIC FORMATIONS. 53

in the slab, PI. XVIII, at 6(], wliicli crosses the right antibrachiiiin (ji, :>;")). The deflected

posterior ends of the condyles are here shown, and beneath them three tarsal bones

{o, 1, b), with the characteristic short and thick metatarsal of the fifth toe {m, v)}

The tarsal bone between the tibial trochlea and the three metatarsals [i, ii, Hi),

answers to the astragalus, marked a, in Scclidomurus and Crocodilns (Monograph and

Plate above cited) ; two tarsals, of which the one representing the second row is the

smallest, intervene between the tibia and the fifth metatarsal ; the larger of these ossicles

answers to the calcaneum (/ in Scelidosniirus and Crocodilus, Monograph, ut supra), the

smaller and distal one to the cuboides {b, ib.).

The bony frame-work of the left foot (69') is instructively preserved ; the first four

metatarsals are, as usual, long and slender, and resemble those in previously described

Ptcrosauria ; their under or plantar surface is exposed. The metatarsal of the first or

innermost toe («) is the shortest, that of the fourth toe {iv) is next in length ; the third {in)

is the longest, but there is little difference in this respect ; their distal condyles project

toward the sole, and are made trochlear by a mid-groove.

The innermost digit shows the proximal and ungual phalanges in natural connection

with each other and with the metatarsal: the ungual phalanx (/) is scarcely half the size

of that of the corresponding digit (/) of the fore-foot. The ungual phalanges of the three

other toes {ii. Hi, iv) are preserved, showing the usual uniformity of size in the hind-

foot of Pferosauria : the number and disposition of the contiguous but scattered phalanges

l)est accord with the phalangeal formula (3,4, 5) presented by the second, third, and fourth

toes respectively, in better preserved feet of other Pferosauria (PI. XIX, fig. 5). There

is, however, here unequivocal evidence of a fifth toe, and that not merely riidiinental but

recognisably functional though without a claw. The tarsal bones {b, b) support a meta-

tarsal {7)1, v) directed parallel with the metatarsals {i—iv), but much shorter and also thicker

:

it is lines in length, and expanded at both ends, the proximal one beuig 2^ lines in

breadth, the distal one 2 lines, and the middle of the shaft H line. The under or

plantar side of the bone is exposed, as in the others, and shows a shallow oblique channel

passing from the proximal end obliquely to the inner side of the shaft, dividing two

elevations at that aspect of the proximal end. Tlie distal end is a moderately convex

condyle, the outer and plantar prominence of which is broken off. I regard this bone as

the fifth metatarsal. It supports a digit of two phalanges : the first {\,v) is slightly

dislocated, so as to show the concavity of its proximal joint close to the condyle to which

it was articulated : it is 1 inch 3 lines in length, and is thicker as well as much longer

than the corresponding phalanx of the other toes. The second phalanx (2, v) is 1 inch in

length: it is bent back upon the first, and gradually tapers to a point. Both j)halanges,

^ This throws expository light on the idea, revived by Gegenbaur (' Vergleicheud-nnatoniische Bemer-

kungcn iiber das Fussskelet der Vogel,' in Reichert's ' Archiv fiir Anatomie, Physiologie, und wissenscli.

Medicin,' 18G3, p. 44.")), viz., that tlie distal trochlear epiphysis of the Bird's tibia represents ils proximal

tarsal series, or astragalus.



54 FOSSIL REPTILIA OF THE

in the specimen described, pass obliquely across and beneath the four long metatarsals sup-

porting the unguiculate claws.^

From the position of this exunguiculate long and slender toe, as well as from its

difiFerence of structure, we may infer its application to a different office from that of the

other toes. These obviously subserve the purposes of terrestrial locomotion, and

perhaps of suspension : the fifth toe I infer to have helped to support, like

the similarly shaped production of the calcaneum in certain Bats, the interfemoral

expansion of alar integument, in the way indicated in the restoration (fig. 2, PI. XX) of

Dimorphodon macronyx. In the habitual mode of locomotion by vigorous act of flight

this toe would be in action while the other four were at rest ; hence the necessity for

greater thickness and strength of its bones, and the size of one of the tendons, as indicated

by the groove in the metatarsal. Interesting, also, is it to note the analogy of this

'wing-toe' with the 'wing-finger,' though they be not homotypes, as shown in the

shortness as well as thickness of the metapodial bone and the length of the pointed, claw-

less, terminal phalanx.

The fourth slab of Lias adding to our means of reconstruction of Dimorphodon, was

observed by the Earl of Enniskillen in the collection of Henry Marder, Esq., M.R.C.S., of

Lyme Regis. It had been quarried from the same cliff as the preceding specimen

(PI. XVni), and displayed the vertebrge and bone-tendons of a long and stiff tail

(PI. XIX, fig. 4).

Indications of such a tail, in which the vertebrae were associated with ossified tendons,

were apparent, and have been noted in the description in the second specimen with the

skull (PI. XVIII, cd) ;
whereby one was able to show that the vertebrae in the originally

described specimen supposed to be cervical (Buckland, loc. cit., pi. xxvii, a, d) were truly

caudal, with similarly associated bone-tendons, as, indeed. Von Meyer had recognised

after the discovery of the caudal structure of his Bampltorkynchis? The specimen

now to be described of the entire tail, as represented by its petrifiable parts (PI. XIX, fig.

4)^ I conclude, from the identity of character of some of its vertebras with the three

shown in PI. XVIII, c d\ and from the discovery of this specimen in the same formation

and locality, to belong to Dimorphodon macronyx.

The series of caudal vertebrae, to judge from the size of the anterior ones, comes from an

individual as large as that represented by the fossils in Pis. XVII and XVIII, and, no doubt,

from an adidt or full grown one. This series is 1 foot 9 inches in length, following the curve,

1 " Cuvier, Wagler, und Goldfuss lassen den Fuss aus fiinf ausgebildeten Zehen bestehen ; in alien

Pterodactyln habe ich aber nie mehr als vier solchen Zehen und hocbstensnoch einen Stummel vorgefunden."

Von Meyer, op. cit., p. 20. But see 'Ossemens fossiles,' 4to, torn, v, pt. ii, p. 374—"Le cinquieme reduit

a un Icger vestige," &c.

'-^ " Beitrage zur naheren Kenntniss fossiler Reptilien," in Leonhard und Bronn's ' Neues Jabrbucb fiir

Mineralogie,' &c., 8vo, 1857, p. 536.

3 It has been drawn with the neural aspect downward.
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which is single and slight ; and it includes upwards of thirty vertebra!. These vertebrae, 3

lines in length of centrum in the first five, progressively increase to a length of 1 inch at

the twelfth, begin to shorten gradually after the fifteenth, the twenty-first being 11 lines,

the twenty-fourth 9 lines, the twenty-eighth 6 lines, and the thirtieth 5 lines in length. In

breadth or thickness the vertebra) decrease from the first to the tenth ; and then again

gradually from the fifteenth to the last, which is filiform.

The first caudal, or the first of the series here preserved, has the anterior articular

surface of the centrum subconcave. The inferior surface describes a slight concavity

lengthwise ; the upper part of the anterior half projects as a parapophysis, the end of

which has been broken off, showing the open cancellous structure. A ridge from its upper

part was continued to the fore part of the anchyloscd neural arch. This arch developed

zygapo})liyses, of which the anterior extend beyond the centrum ; but they are better

shown in succeeding vertebra).

In the second caudal the base of the parapophysis has receded and now ])rojects from

the upper part of the side of the centrum, occupying more than its middle third. Part

of a quadrate spinous process is here preserved, projecting above the centrum as far as

the vertical diameter of that element.

In the third caudal the base of the parapophysis, reduced in vertical thickness,

occupies the same positions and longitudinal extent. The postzygapophysis, after a deep

hind notch of the neurapophysis, curves over the prezygapophysis of the succeeding

vertebra, which enters that notch.

In the fourth caudal the base of the parapophysis has lost in longitudinal as well as

vertical extent, and is more posterior in position. The subconvexity of the hind articu-

lation of the centrum is here well shown. The confluent neural arch is low, attached to

rather more than the fore half of the centrum. The postzygapophysis does not extend

back beyond the centrum ; the prezygapophysis is continued ])cyond the front or concave

surface of the centrum into the neural notch of the })receding vertebra.

In the fifth caudal the parapophysis is smaller and more posterior. The neurapo-

physis rises from the anterior half of the side of the centrum and continues to show the

zygapophysis, though reduced in size. Between the fifth and sixth caudals a small,

slender hasmapophysis (/<) has been articulated to the under part of the intervertebral

space.

The reduced parapophysis is continued from the sixth caudal ; this vertebra shows a

much reduced indication of neurapophysis. The base of a ha^mapophysis crosses the lower

part of the space or joint between it and the seventh caudal, then expands both forward

and backward, and more so in the latter direction ; the inferior border of this expansion

is straight.

In the seventh caudal the prezygapophysis is still indicated, though nuich reduced in

size. The hannapophysis, siniihu- in shape to the preceding one, is longer ; and three bone-

tendons rise from the side of the hind projection of this haemal arch.
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In the eighth caudal the base of a reduced parapophysis projects from the side of the

centrum behind its middle ; a low prezygapophysis projects from the neural arch : but

beyond this vertebra all trace of that arch disappears, or is indicated by feeble prominences

in the fasciculus of bone-tendons which seem to be attached to neural processes of the

non-elongated centrums. Six or seven filamentary bone-tendons, one thicker than the

rest, extend lengthwise above the centrum. Some of these may be traced over two

centrums, then end in a point, their place being taken by another bone-tendon beginning

by a similar pointed end. The parapophysis disappears in the tenth vertebra.

The caudal vertebrae in the first discovered specimen of Bimoiyhodori'^ answer to the

eighth—eleventh in the present series. The elongate centrums of the tenth and succeeding

candals, usually more or less uncovered by the bone-tendons, show a low lateral ridge,

and a slight expansion at the ends. The hsemapophyses are traceable, much reduced in

size, to the fifteenth—sixteenth vertebrae. The bone-tendons are in two fasciculi, one

neural, the other haemal, in position. From five to eight may be counted in the side view

given of each of these fasciculi. The seeming increase of thickness of some, usually the

more peripheral of the filaments, may be due to this flattened form, and to more or less

of the side coming into view, instead of the edge. Five or six may be counted in each

fascicule, even beyond the twentieth caudal ; the number varying at parts through the

formation of the bundle by successive tendons, as above mentioned. They are reduced to

two or three at the thirtieth vertebra. The terminal joints of the elongate centrums

appear to be flattened and closely adapted, allowing of very little motion. It is evident

that, as in BamphorJt.yncJms, the tail was stiff as well as long, and doubtless served as a

sustaining ray of the parachute of membrane continued backwards from the wings and

hind limbs.

The vertical diameter of the second caudal showing its neural spine is five lines.

The diameter of the ninth vertebra, including the neural and haemal fasciculi of bone-

tendons, is the same ; and beyond this the vertebrse and their surroundings gradually

diminish to the pointed end of the tail.

§ Restoration of Dimorphodon. Plate XX.

The several parts of the skeleton of DimorpJiodon preserved in the slabs of Lias

described and referred to in the foregoing pages have ultimately yielded the desired result

of their scrutiny and comparison, viz., a restoration of the extinct animal, such as I have

endeavoured to exemplify in Plate XX ; and I propose to apply that plate in illustration of

a summary of the osteology and dentition of Dimorphodon, comparing therewith the

1 Buckland, loc. cit., pi. 29, a, a. I have had these vertebvse carefully redrawn, from the specimen,

in Pi. XIX, fig. 3.
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previously known Pterosauria, and adding such deductions as to the status and allinitics

of the order as seem legitimately to flow from the facts.

The first distinguishing feature of Bimorphodon, or of the present liassic type of the

genus, is the disproportionate magnitude of the head—the more strangely dispro-

portionate, as it seems, in an animal of flight.

The head is large in proportion to the trunk, not only in respect of length but of

depth, and probably, also, breadth ;
nevertheless, the shape and disposition of the con-

stituent bones are such that, perhaps, no other known skull of a vertebrate is constructed

with more economy of material—with an arrangement and connection of bones more

completely adapted to combine lightness with strength.

So far as the skulls of Pterosauria have been sufficiently entire to show the shape of

the head, no other known species resembles Bimorphodon. The cranial part is singularly

small : the rest is mainly devoted to the formation of the large, long, and powerful

prehensile and manducatory jaws. Among the debris of the cranial bones, in specimens

Pis. XVII and XVIII, the mastoid (s), parts of the occipital (paroccipital, 4), the parietal (7),

post-frontal (12), frontal (11), prefrontal (14), and nasal (15), are recognisable : the last two

bones, however, are concerned more with the scaffolding or buttressing of the upper jaw

than with the protection of the brain or formation of its case. Though contributing their

shares to the otccrane, the chief developments of the paroccipital (PI. XX, 4) and mastoid

(ib. 8) relate to the nniscular connections of the head with the trunk : the mastoid joins the

postfrontal to form an upper zygoma, giving origin to part of the temporal muscles ; it also

affords a fixed articulation to the tympanic, and sends down a pointed process external to the

masto-tympanic articulation. The parietals (PI. XX, 7 ), confluent at the mid line, where they

develop a low crest, swell out slightly at the temporal fossa, indicative of the size and saurian

position of the mesencephalon. The frontal (11) is narrow and flat between the orbits, of

which it contributes most of the upper part of the rim. This is continued by the postfrontal

(12) behind, which sends down a long pointed process to unite with the malar (26), and a

shorter and thicker one to join the mastoid (s). The prefrontal (14), of a triangular form,

contributes to the upper and fore part of the orbit, and, either directly or by a connate

lacrymal, unites with the ascending malo-maxillary process (21, 2G), and the base of the pre-

frontal articulates with the frontal and the nasal. The nasals (15), to the usual con-

nections with the frontal, prefrontal, and medial process of the premaxillary (22'), superadd

a union with the lateral ascending process of the maxillary (21^), completing the bar

between the nostril {n) and the antorbital vacuity («). The nasal bone forms the upper part

of the nostril ; the rest of the boundary of that singularly wide aperture is formed by the

premaxillary and maxillary. Of the basis cranii and palate there do not appear to be

any recognisable parts preserved. The maxillary is overlapped by the hind alveolar part

of the premaxillary, and unites therewith by a long oblique suture (21")- I'he maxil-

lary, receding, expands and sends upward a long slender pointed process to articulate

8
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with the nasal ; it then joins the malar and the prefronto-lacrymal, and descends internal

to the mandible to join the palatine.^ Each maxillary (21, 21') affords alveoli for eight or

nine teeth.

The premaxillary is the largest of the bones of the head. The pair, by confluence or

connation, constitute the fore part of the upper jaw (22), expanding from a sub-obtuse

apex as it recedes, and preserving its entireness for an extent of about two inches. This

tract seems to be arched above transversely, with a slightly convex upper longitudinal

contour continued along the medial ray or process (22')- Of the configuration of the

palatal surface the specimens give no evidence. From the analogy of Pterodactylus

Cuvieri and PL Sedgwichii^" we may infer that this (premaxillary) part of the

bony roof of the mouth was entire, and strengthened by a median ridge. The lateral or

alveolar borders formed alveoli for four teeth on each side. Thus the hind expansion

of the premaxillary divides into three rays or processes. The upper medial or nasal ray

is the longest : it is continued backward, continuing the initial curve of the upper

contour of the face as far as the nasals, the mid suture or confluence of which bones it

overlaps, and joins suturally to an extent precluding any movement of the upper jaw on

that part of the head. The length of this ray is about 3^ inches. The pair of lower or

alveolar rays extend back for about 1^ inches.

The malar (26) forms the lower narrower end of the oval orbit, sending up one pointed

process (united with that of the maxillary?) toward the prefrontal, and a longer and stronger

one to join the postfrontal. The squamosal (27) continues the zygomatic bar backward to

abut against the tympanic. Its })recise position and direction are left doubtful in the

specimens hitherto obtained, but it is unquestionably present, and contributes to the fixa-

tion of the tympanic.

This (28) is a moderately long and strong pedicle, immovably articulated to the mastoid,

paroccipital, and squamosal ; thickest posteriorly, where it is strengthened by an

outer marginal ridge, sending forward and inward a process which may articulate with

the pterygoid (but of this I could not get clear evidence), expanding at its distal end to

receive the abutment of the squamosal or lower zygoma, and to form the convex condyle

for the articular element of the mandible.

The dentary parts of the mandible are confluent at the symphysis, which is as long as

the undivided fore part of the premaxillary. The ramal part of the dentary is compressed,

and gains a depth of about 10 lines before it bifurcates. The alveolar border of the dentary

extends as far as that of the maxillary, viz. about 5 inches, beyond which the upper prong

(PI. XX, 32') is continued above the mandibular vacuity, underlapping the surangular (29)

and terminating in a point. The lower prong (ib. 32") terminates in a point before attaining

the vacuity ; it is underlapped by the fore part of the angular (30), with which it articulates.

1 This description is on a homological hypothesis, subsequently discussed (p. 6-1),

2 ' Monograph on Cretaceous Pterosauria,' Suppl. 1, 4to, 185!), PI. I, fig. 1, b.
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The divergence of the hinder prongs of the dentary exposes a small part of the splcnial

(31). The vacuity, if it be natural and not due to abrasion of a thin outer wall, is a long

and narrow oval, 1 inch 8 lines in length, G lines in breadth. It is circumscribed behind

by the confluent angular and surangular elements (29). The angular (30) forms a slight

projection behind the articular concavity ; it expands vertically, and contracts transversely

as it advances, contributing a small share to the lower border of the vacuity, and con-

tracting to a point below the dentary, about 5 inches from the angular process.

The range of variety shown by the skull is considerable in the order Pterosauria. In

relative size, as in the expanse of the antorbital vacuity, Ptcrodadylus crassirosfris
^

comes nearest to Di///orp/iodon ; but the orbit is relatively larger, and the nostril much

smaller. In liliamphorhynchus Gemmingi the nostril and antorbital vacuity are of equal size,

and each is about one eighth the size of the orbit, which is proportionally larger than in

Dimorphodon. \xi Pterodactylus longirostris'^ the nostril is larger than the orbit; the

antorbital vacuity is. not half the size of the orbit. In Pterodactylus suevicus ^ the antorbital

vacuity is still smaller. In Ptcrodadylus KocUi^ that vacuity is limited, as in Cldamydo-

saurus, to the upper part of the boundary between the large orbit and the long and large

nostril. In Ptcrodadylus longicollum it appears to be wanting.

The shape of the skull offers many modifications in the several species, from the long

and slender type of that of Pterodactylus scolopaciceps and Pt. lonyirostris to the shorter

and deeper cone indicated by Pt. conirostris^ and to the inflated and more or less

anteriorly obtuse form exhibited by Dimorphodon and the more gigantic Pterodactylus

Sim usJ

The position of the tympanic pedicle varies from the almost vertical one in Bimorplio-

don to the almost horizontal one in Ptcrodadylus longirostris and Pt. Kochii. In Pt.

crassirostris it shows an intermediate slope or position.

The rnandible, conforming in relative depth and length to the general shape of the

skufl, has the symphysis longest in those species with long and slender jaws. In

Pterodactylus suevicus the symphysis extends along the anterior third part of the mandible.

In Pt. crassirostris it is shorter, and still shorter 'm Dimorphodon. The depth of the rami

decreases behind the dentigerous part in Pterodactylus lonyirostris.

The generic dental character of Dimorphodon has been given in detail in the special

descriptions of the specimens figured in Pis. XVII and XVIII. The range of variety mani-

' 'Monograph on Fossil Reptilia of the Cretaceous Formations' (IS-ll), Pterosauria, PI. XXVII,

figs. 2—4.

2 lb., ib., fig. 1. 3 QuENSTEDT, op. cit.

" Von Meyeu, op. cit., tab. i, fig. 2. ^ ib., ib., tab. vii, figs. 1—1.

" Dixon's 'Geology and Fossils of the Tertiary and Cretaceous Formations of Sussex, -Ito, 184G,

PI. 38.

' 'Monograph on Fossil Reptilia of the Cretaceous Formations' (Pterosauria), Suppl. No. 3 (1861),

PI. I, figs. 1—3.
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fested in this character is considerable in the present order, although in no species has any

departure been observed from the predatory zoophagous condition. The teeth, always

simple and pointed, vary in shape, in number, in position, in relative size. Pterodacfylus

crassirosiris exemplifies the laniariform type of teeth, more or less elongate, and separated

by intervals of varying extent. In this not uncommon condition the teeth are longest in

the upper jaw, as offering more resistance than does the lower jaw in aid of the weapons

most deeply implanted in the struggling prey.

In JPterodaciylm lont/irosfris the teeth are rather small, subequal, with short intervals,

a little widening toward the hind end of the series, which is restricted to the anterior half

of the jaw, both above and below.

In some Pterosauria a certain extent of the fore part of both upper and under jaws is

edentulous, and from its shape has been inferred to have supported a horny sheath. The

teeth are long slender canines, with wide intervals. They number from about 8 to 10

on each side of the upper jaw, and from 7 to 8 in each ramus of the mandible. Von

Meyer proposed for this modification of mouth the generic name Phamphorhynchus.

DimorpJiodon shows the combination of scattered laniaries, with small, more closely

set serial teeth in the lower jaw ; it has more numerous teeth, occupying a greater extent

of the alveolar margins of the jaws, than in any other Pterosaurian.

The very small teeth which have been observed in the short jaws of the little Ptero-

dadylm brevirostris^ are most probably characters of immaturity, not of species.

In regard to the bony structure of the head and the dentition, the general result of

observation and comparison of Pterosaurian fossils, and common consent of competent

investigators, having excluded the volant Mammals from the claim of affinity, the question

becomes narrowed to whether the skull in Pterosauria more resembles that in the cold-

blooded or the warm-blooded oviparous air-breathing Vertebrates.

Hermann von Meyer, who has contributed a great and valuable share to our know-

ledge of the Pterosaurian order,^ quoting Oken's opinion, " that the skull is intermediate

in character between that of the Chameleon and Crocodile," sums up his own conclusions

on that head in the following terms :

—" The skull PterodadylusYS, essentially comparable

only with that of Birds and Saurians. The preponderating resemblance with the Bird's

skull cannot be contested. Against this, however, is a remarkable dissimilarity in certain

parts which, on the other hand, approximates it to the type of Saurians." ^

The term Sauria is here used in the sense of Brongniart and Cuvier, and it is open

1 GoLDFUss, loc. cit., tab. x, fig. 2.

2 Especially in the admirable summary of his own and others' researches, in the part of his great work,

'Zur Fauna der Vorwelt' relating to "Reptilien aus dem lithographischen Schiefer," &c., fol., 1860.

2 " Der Schadel der Pterodactyln, der uach Oken zwischen Chamiileon und Crocodil steheu wiirde,

liisst sich eigentlich niir mit den Vogeln und den Sauriern vergleichen ; die iiberwiegende Aehulichkeit niit

dem Vogelkopfe kann nicht bestritten werden ; ilir gegeniiber steht aber eine auifalleude Unahnlichkeit in

gewissen Theilen, die dafiir zum Zypus der Saurier hinneigen."—Op. cit., p. 15.
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to the unbiassed investigator, and, indeed, becomes plainly his business, to determine, not

merely whether Avian or Saurian characters predominate in the Pterosaurian skull, but to

define the degree of affinity or correspondence of cranial structure therein traceable to

such structures in Enaliosauria, Dinosauria, Bicynodontia, Crocodilia, Lacerlilia, each of

u^hich may be a group, organically, of co-ordinate value with Avcs.

Greater respect to the memory of so imbiassed a seeker after truth cannot be shown

than by weighing with due care and what judgment one may be able to bring to the task

the value and significance of each well-determined evidence of the cranial structure which

Von Meyer has described and reasoned upon.

It is to be regretted that not in any of the numerous figures of the skull of Ptero-

sauria, original or copied, has Von Meyer indicated the bones which he describes. When

he writes
—

" The temporal bone lies external to the parietal and principal frontal bones,

and mainly forms the temporal fossa," ^ one much wishes he had indicated his ' Schliifen-

bein ' in the skull of Mhamphorhynchus Gemmingi, pi. iii, fig. 4 ;
pi. ix

;
pi. x, fig. 1 ;

or in the more instructive example of cranial structure which he has borrowed from

Goldfuss for the subject of his pi. v {Pterodactylus crasdrostris).

By ' Sclilafenbein ' Von Meyer may mean that element of the compound ' temporal

bone' of anthropotomy which I have called 'squamosal.' No doubt in Man and

most Mammals the squamosal does contribute a notable share to the formation of the

temporal fossa, whence the name ' temporal ' given to the incongruous group of cranial

elements coalescing in such warm-blooded Vertebrates with the squamosal, so exceptionally

expanded in the Mammalia. But as to the value of the bed of the temporal muscles in

determining the homology of the bones forming it, I would refer to the remarks in my

work on the ' Homologies of the Vertebrate Skeleton.'
^

Some clue to the bone signified by Von Meyer may be got from the following remarks—
" Anteriorly it seems not to take, as in Birds, a share in the formation of the orbital rim

;

here, much more as in Saurians, it is pushed aside or supplanted by the postfrontal."
^

The term ' temporal bone ' (Schliifenbein) has been used in various senses, but

whether it be applied to that element which I, with Cuvier, call ' mastoid ' in Beptilia,

or to that which others,* with Cuvier, call ' temporal ' (meaning squamosal) in Birds,

there is no bone that Von Meyer can be supposed to mean by ' Schlafenbein ' which

forms any part of the rim of the orbit in Birds.

Von Meyer recognises a ' postfrontal ' (' Ilinterstirnbein ') in Plcrosauria, and states

that it pushes away his temporal (Schlafenbein) from the orbit. In Pterosauria the post-

1 " Das Sclilafenbein liegt aussen an dem Scbeitelbein unJ Haiiptstirnbein, und bildet haupl.-aciilich

die Schliifengrube."—Op. cit., p. ITj.

2 8vo, 184S, p. 33.

^ " Vorn scheint es nicbt wic in den Viigeln an dcr Biklung des Augcnholilenrandes Tlicil za lulnneu,

bier vielmehr wie in den Sanriern duich das Ilinterstirnbein verdriingt zu werden."—Op. cit. p. 15.

Hallman, "Die vergleicbeude Osteologie des Scbliifenbeins," p. 8, pi. 1.
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frontal (PI. XX, 12) is undoubtedly interposed between the bone I determine as ' mastoid '

(ib. 8) and the orbit (ib. o) ; and my ' mastoid ' in Pterosauria answers to Cuvier's and

Hallman's ' temporal/ i.e. squamosal, in Birds. We may conclude, therefore, that Von

Meyer's ' Schlafenbein ' in Pterosauria is that marked 8 in the skull of Pterodactylus

crassirostris}

Certain it is that no bone answering to 8 in Pis. XVII, XVIII, XX of the present

Monograph contributes to the formation of the orbit in any Bird. In the great majority of

that class, as is well known, the rim of the orbit is incomplete below ; it is formed above

by the frontal, before by the prefrontal and lacrymal (' antorbital ' of ornithotomists),

behind by the postfrontal (' postorbital,' ib.). Where, as in some Psittacida,^ the orbital

rim (' Augenhohlenrandes ') is complete, the lower complement is formed by an extension

of ossification from the antorbital to the postorbital processes, independently of either

Cuvier's temporal (8) or my squamosal (27) in Birds.

I confess that the foregoing result of the analysis of a main ground of Von Meyer's

assertion as to the " incontestable similarity between the Pterosaurian and Avian types of

cranial structure " has not a little tended to shake my confidence in the grounds on which

he has pronounced definite judgment on the matter. So far as we have jei got evidence

of the structure of the skull in Pterosauria, it seems that, contrary to the rule in Birds,

the orbital rim is entire ; and that its lower border is completed by the zygomatic arch, and

chiefly, if not exclusively, by the malar element
;
whereas, such arch passes freely beneath

the orbital rim in the few Birds with that rim entire. Now, in this part of the cranial

structure the Pterosauria agree with the Crocodilia : as in them the malar (2G) sends up a

process to unite with one descending from the postfrontal (12) to complete the orbital

rim behind.

In the small species of Pterodactyles {Pt. loiigirostris, Pt. scolopacicejjs, and in the

perhaps immature animal represented by Pt. brevirostris) the hind convexity of the cranial

wall is not marked by the apophysiary developments of paroccipital and mastoid, and

accordingly resembles that part of the cranium in Birds, especially the smaller Grallee ; but

before this similarity of shape can be pressed into the argument for the Avian affinity of

the Pterosauria, it should be shown to be common to or constant in the extinct volant

order.

But this is far from being the case. When a Pterosaur has gained the size of

Pterodactylus crassirostris ^ or Pter. suevicus^ the back of the skull shows no cerebral

swelling, but only the crests and processes for muscular attachments, as in other Reptilia

1 'Monograph on Fossil lleptilia of the Cretaceous Formations ' (P^erosaM?2«) (1851),' PI. XXVII,

figs. 3 and 4.

2 'On the Archetj'pe and Homologies of the Vertebrate Skeleton,' 8vo, 1848, pi. i, fig. 1 {Cahjpto-

rtiynclius)
;
'Anatomy of Vertebrates,' 8vo, vol. ii (1866), p. 51, fig. 30 (Psittacus), also p. 63.

^ Goldfuss, op. cit., pi. vii.

* Quenstedt, op. cit.



LTASSIC FORMATIONS. 63

of similar size. Even in liJiampliorliijnclim Gemmingl the cranial convexity is not posterior, but

is limited to the temporal fossae behind the orbit, as in the specimen figured by Von Meyer

in pi. ix, op. cit. ; and this indication of the optic lobes is less conspicuous in the subject of

pi. X, fig. 1. In Dimorphodon there is still less trace of this alleged Avian characteristic.

The bone which, in the Bird, as in the Pterosaur, forms part of the otocrane, articulates

with the cx- and par-occipitals behind, with the alisphcnoid in front, with the parietal above,

and with the petrosal within, which contributes the articular surface to the tympanic and

the upper rim to the meatus auditorius, also articulates in the Pterosaur, as in the Crocodile,

with the postfrontal : and this character appears to be constant in the Pterosauria as in the

Crocodilia, while it is exceptional in Aves. In the particulars in which the bone 8 differs

in the Pterosaurian from that in the Bird, it agrees with 8 in Crocodilia ; as e.^. in its high

position in the cranium, owing to the low development of the cranial chamber; its

greater degree of projection from the true cranial walls ; the extensive and suturally fixed

character of its articulation with the tympanic as compared with the more definite and

restricted glcnoidal movable articulation which the mastoid (8) affords to 28 in Birds. In

all these circumstances, whether the bone 8 (PI. XX, fig. 1) be called mastoid or squamosal,

it is Reptilian, not Avian, in the Pterosaur.

Ilcrr Von Meyer states, in another of his comparisons, that in the MonUor, Iguana, and

Sfellio, tlie prefrontal (' Vorderstirnbein ') enters into the formation of the periphery of the

external nostril (Nasenloch).^ This is the case with Vamnus," not with true Monitors.^

In Tcjus nigropunctatus some extent of the suture between the nasal and the maxillary

intervenes between the prefrontal and the nostril. The non-extension of the prefrontal to

the external nostril shows no Avian affinity in Pterosauria ; rather an agreement with the

majority of Beptilia, as, for example, with the whole order of Crocodilia.

In some Crocodilia {Teleosaurus) and Laceriilia {Chlamgdosauriis, Lgriocephalus)

there is an antorbital vacuity, which, in the latter Lizard (PI. XX, fig. 3, a), is equal in size

with the nostril (ib., n) and intermediate in position between that cavity and the orbit (ib., o),

which is large. A process of the maxillary rises obliquely backward to join the nasal, and

to separate the intermediate vacuity from the external nostril. The lacrymal and pre-

frontal form the bar dividing the intermediate cavities from the orbit. In most Birds a

small intermediate vacuity is partitioned off from the nostril by a process of the maxillary

rising to join the nasal, and is similarly separated from the orbit by the lacrymal, which

descends to join the malar. The great range of variety in the development of this

' intermediate ' or ' antorbital vacuity,' in Pterosauria, has already been pointed out ; but

' 'Zur Fauna der Vorwelt,' fol., 1860, p. 16.

2 See Cuvier, ' Ossemeiis fossiles,' v, pt. 2, pi. xvi, fig. 1 ('grand Monitor du Nil, Lacerta rii/ofica"),

p. 259, the Varamis Draccena of Menem, Varanus niloticus of most modern erpctologi>ts ; also in pi. xvi,

fig. 7, ' Monitor du Java,' p. 260 ; the Varanus hivittatus, of INIerrem.

3 Ase.ff. Tupinambis teguixin, ' Sauve-garde d'Am^rique.' Cuvier, vol. cit., pi. xvi, figs. 10, 11, and

Thorictes Draccena, ib., tigs. 12, 13; 'La Dragone,' ib., p. 263.
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the comparable structure is by no means peculiar, as Von Meyer would lead one to infer,

to the skulls of Birds.^

In no Pterosaurian has any obvious and unmistakeable suture been seen indicative of

the respective shares taken by maxillary (21) and premaxillary (22) in the formation of the

dentigerous part of the upper jaw : both bones combine to support the array of teeth
;
they

have coalesced, at least at their external or faci-alveolar plates
;

as, likewise, have the right

and left premaxillary portions forming the fore end of the upper jaw. The suture between

this premaxillo-maxillary bone and the suborbital portion of the zygomatic arch remains.

Accordingly, there is a choice of analogies in the interpretation of the observed facts : a

proportion of the compound bone may be assigned to the premaxillary, according to the

analogy of the Crocodile and Lizard ; or the whole may be called premaxillary, according

to the analogy of the Ichthyosaur.

GoLDFUss, guided by the Lacertian analogy, limits the premaxillary to the anterior part

of the upper jaw, and to the upper part of the external bony nostril (n) ; and he illustrates

this view by a dotted line representing the assumed suture in his restoration of Ftero-

dactylus crassirostris, in pi. ix (op. cit.)." Von Meyer assumes, as arbitrarily, the Ichthyo-

saurian analogy, but views it as a specially Avian one, and ascribes to the Pterosauria a

bird-like premaxillary,^ and this determination is indicated by the numerals on the restora-

tion of the skull of Fterodactylus compressirodris in my Monograph of 1851, quoted below,

PI. XXVII, fig. 5.

Of the maxillary bone (my 21) Von Meyer merely remarks that " it does not follow the

type of Birds" (" folgen nicht dem Typus der Vogel," ib., p. 15). And yet, if the Pterosau-

rian premaxillary be interpreted according to that type, forming so large a proportion of the

upper jaw as to include all the teeth, the edentulous maxillary must have had a correspond-

ingly Avian proportion and position. Only, whereas in most Birds the small and slender

maxillary sends up a process helping to define the back part of the nostril and fore part of

the antorbital vacuity, the corresponding process in Pterosauria would be (as indicated in

my PI. XVIII, 22"), part of the premaxillary.

1 incline to believe, however, that it may prove to belong to the maxillary ; that

the dentigerous part of the upper jaw is due, in Pterosauria, to the combined maxil-

laries and premaxillarics, but that the latter take a larger share in the formation of

the alveolar tract than Goldfuss conjectures. One ground of such opinion is this

:

the portion of upper jaw with six pairs of laniary teeth in the huge Pterodactyliis

Sedywickii, in which the palatal surface could be clearly worked out,* showed that the

anterior expansion, with the group of three paii's of teeth, could hardly have been

' " Zwischen Kasenlocb und Augeiibolile liegt eine dritte Oeffnung, die wiederum an den Vogel-

si;hadel erinnert."—Op. cit., p. 16.

2 Copied in Pi. XXVIT, fig. 4, of my Monograph above cited of 1851.

3 " Ein Vogeln-ahnliclien Zwiscbenkiefers," v, p. 1.5, op. cit.

" Monograph, Suppl. No. 1 (1859), PI. I, figs. 1, a, b.
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separated by a suture, at the slight constrictiou suggesting that structure in Ft. crassi-

rosiris,^ without leaving some indication of its original existence, especially on the palate.

In the anterior confluence of right and left premaxillaries, and the backward produc-

tion from their upper part of a bony bar uniting with the nasals and dividing the nostrils,

we have a character of the Dicynodonts and of some Lacertians {Varanus) as well as of

Birds, and the Saurian affinity is shown to be the truer one by the firmness of the naso-pre-

maxillary union and the absence of any power of, or provision for, that hinge-like movement

of the upper mandible upon the cranium which is peculiar to, though not constant in, the

Avian class. ]\Ioreover, the outer surface of the premaxillary shows none of that s[)ongy

porosity and rugosity which relates to the sheath or horny covering of the beak character-

istic of the Bird. Such structure has not even been detected in the feeble trace of eden-

tulous anterior production of the upper jaw in Ilhamphurlii/ncJius, Von Meyer. I cannot,

therefore, sec, with Von Meyer, the beak of the Bird in an animal with a fixed and toothed

upper jaw;'- for on every hypothesis of its bony structure it finds a closer resemblance

among the toothed Reptiles than in the class of Birds.

The mandible, or lower jaw, is supported, as in all Vertebrates below Mammals, by the

tympanic, viz. the bone (28, Pis. XVIII and XX) which is shown by its osseous connec-

tions, its relations to the ' facial nerve,' ^ or its equivalent the * ramus opercularis,' * and

by its mode of formation, to answer to that which in Mammals is mainly reduced to the

function of supporting the ear-drum. In air-breathing Ovipara it superadds this function

to its more constant and essential use in non-mammalian Vertebrates, of supporting the

lower jaw.

In reference to the question of affinity before us, the tympanic gives valuable evidence by

reason of the moveable articulation and peculiar connections with the upper mandible

essentially correlated to a covering of feathers. In Pterosauria the tympanic at its

proximal end resembles that of Lizards by its fixed sutural mode of union with the

cranium, and it furthermore resembles that in Crocodiles by the abutment of the zygoma

against its distal end, to which it is suturally attached.

In Birds the tympanic enjoys a synovial moveable articulation by a single or double

condyle at its proximal or cranial end, and presents a synovial cavity to a condyloid con-

vexity of the hind part of the zygoma. By this test, therefore, the Pterosauria

are shown to be not only ' Saurian,' but to be nearest akin to the existing orders

which possess double-jointed ribs and the correlated cardiac structure. The difference

of shape between the tympanic of the Pterodactyle and that of the Bird is too strongly

marked not to have attracted attention ; but I do not find in that of the Chameleon tlie

' Goldfuss, loc. cit.

' " \Vir sebcn aho bier die Schnautze der Vogel auf ein Tliier mil unbcwcgliclicr und niit Ziilmeii

bewaflfneteu Scbnautze angewendet."—Op. cit., p. 15.

^ ' .Vnatomy of Vertebrates,' vol. ii, 8vo, 18GG, p. 121, vol. ill, p. 155.

* lb., vol. i, p. 303.

9
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most resemblance to the Pterosaurian tympanic.^ For, besides the Lacertian freedom of

the bone from zygomatic abutment, the tympanic in the Chameleon has not the

longitudinal strengthening ridges, nor the process turned toward the pterygoid.

The dentigerous mandible, like the maxilla, speaks for the Reptilian affinity of

Pterosauria ; the distinct sockets for the teeth ally them to the higher forms of Sauria.

In reference to the generic modification of dentition in DimorpJiodon, it has been remarked

that this early form of flying dragon seemed to have derived one feature or modification

from the Fish, and the other from the Crocodile or Plesiosaur.^

The length of the neck, which is not always equal to that of the head, is due, in

Pterosauria, rather to the length than the number of the vertebrae. Counting the axis

with the small coalesced atlas ^ as one, I give seven cervical vertebrae to the Bimorphodon

macrovyx (PI. XX, fig. 1, c). Of these a series of four are preserved in the specimen (PI.

XVIII, c), showing, as described, the characteristics of the Pterosaurian cervical vertebrae

which had been determined and illustrated in a former Monograph.*

CuviER,^ in his searching analysis of the evidence at his command of the osseous struc-

ture of the Pterodactylus longirostru, concluded that the cervical vertebrae were not fewer

than seven, as m Crocodilia and Mammalia, or not more than eight, as in Chclonia.

GoLDFUss was able to demonstrate the vertebral formula in his famous specimen of

Pterodactylus crassirostris.^ The number, ' seven,' was, however, obtained by reckoning

the atlas distinct from the axis, and the last cervical may have been relegated to the

dorsal series.

Quenstedt'^ shows seven cervicals in his instructive example of Pterodactylus suevicus,

reckoning the atlas and axis as one vertebra ; and this analogy I have followed in the

restoration of Bimorphodon.

Pliamphorliynchus Gemmiiiyi has six cervicals, counting the coalesced atlas and axis as

one ; but in the specimen figured by Von Meyer in his pi. ix,* there seems to be the centrum

of a short ' seventh ' cervical between the longer ' sixth ' and the first (dorsal) vertebra

supporting a long free pointed nh. It is certain that the number of cervicals does not

exceed the latter reckoning or fall short of the first. Thus it is plain that the Pterosauria

exemplify the Crocodilian affinity in the cervical region of the vertebral column. Lacer-

* "Dieser Knochen ist nicbt wie in den Vogeln quadratisch, sondern cylindrisch stielformig

beschaffem.—Hierin, so wie in einingen andem Theilen, zeigt das Thier die meiste Aehulichkeit mit Clia-

maeleon."—Von Meyer, op. cit., p. 16.

2 'Report (Sections) of the British Association for the Advancement of Science,' 8vo, 1858, p. 98.

^ ' Monograph on the Fossil Reptilia of the Cretaceous Formations,' Supplement, No. I, Pterosauria

(1859), pp. 7—8, PI. I, figs. 11—14.

4 ib.^ p. 9_ii, PI. IT. 'Monograph,' &c., Supplement, No. Ill (I8G0), p. 7, PL II, figs. 1,

2 and 4.

^ 'Ossemens fossiles,' torn, cit., p. 367.

6 " Man zahlt 7 Halswirbel, 15 Rippenwirbel, 2 Lenden, and 2 Kreuzbeinwirbel," loc. cit., p. 79.

7 Op. cit., figs. 1— 7.

8 Op. cit.
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tians have fewer definite cervicals ; Birds have more. I have not seen any Bird with fewer

than eleven cervicals.^ The length and flexibihty of the neck is correlated with the covering

necessitated by the high temperature of the Bird." The cold-blooded flying Reptiles

have a comparatively short and rigid neck, but of a thickness and strength proportionate

to the size of the head, and adequate to the work to be performed by the jaws in over-

coming and bearing away the prey they may have seized.

The chief variety manifested by the Pterosauria in the cervical region is in the relative

length of the last six vertebrae ; this is greatest in Pterodactylus longicollum and Pt.

hngirostris ; it is least in Pt. crassirostris and Dimorphodon macronyx, and apparently

also in Pterodactylus sunns, if we may judge by the breadth, compared with the length, of

the vertebra figured in PI. XVIII, (figs. I and 2) of my Monograph, above cited, of 1860.

There seems to have prevailed a greater range of variety in the number of vertebrae

between the cervical series and the sacrum. In Plerodadylm lonyirostris, Cuvier esti-

mated at least twelve which supported moveable ribs,^ and nineteen or twenty in the

dorso-lumbar series. Von Meyer concluded that the number of dorsal vertebra) fell not

below twelve in any species, nor exceeded fifteen or sixteen in Pterosauria, Pterodadylus

Kochii shows fourteen dorsal vertebrae ; Pt. crassirostris not more than twelve, reckoned

by the number of pairs of free ribs, which can be satisfactorily discerned.

I have seen no specimen of Dimorphodon yielding definitely the number of the dorso-

lumbar vertebrae, i. e. of the vertebrae between the cervical and sacral ; it is from the best

considerations I have been able to give to the analogies of these vertebral formulae, in better

preserved examples of other species ^Pterosauria, that I assign thirteen to this series in

my restoration of Dimorphodon macronyx (PI. XX) ; and I conclude that the thirteenth

was a true lumbar vertebra or without connection with a free pair of ribs. If there

shoidd prove to be error in this estimate I cannot think it will extend beyond one vertebra,

or at most two, in excess of twelve dorsals.

The nine dorsal vertebrae, which have kept together, in almost a straight line, in the

specimen (PI. XVIII, d), testify to the strength and closeness of their reciprocal articu-

lations, under disturbing influences which have afiected so great and general a degree o^

dislocation of most other parts of the skeleton.

BucKLAND seems first to have observed the convexity of one of the terminal articular

surfaces of the centrum of a dorsal vertebra, and to have deduced an affinity therefrom

;

' The Sparrow {Pt/rffita domestica) has twelve (' Osteol. Catal. Coil, of Surgeons,' No. 1.t"1, vol. i,

p. 297).

- " As the prehensile functions of the hand are transferred to the beak, so those of the arm are per-

formed by the neck of the Bird ; that portion of the spine is, therefore, composed of numerous, elongated,

and freely moveable vertebrae, and is never so short or so rigid but that it can be made to apply the beak to

the coccygeal oil-gland, and to every part of tlie body, for the purpose of oiling and cleansing the plumage."

—
' Jnat. of Vertebrates,'' ii, p. 39.

^ Vol. cit., p. 368 :
—"II semble qu'il en est reste au moins douze en place du coto gauche." The

specimen figured by Von Meyek, op. cit. in pi. i, fig. 1, shows thirteen ribs ou the left side of the trunk.
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(the specimen is marked d in the Plate 27 of his Memoir, loc. cit.), and is described

"as the body of a vertebra showing a convex articukting surface, as in the Crocodile"

(p. 221). Q\5Y.^s,imyTS Pterodadylus suevicus showed similar detached dorsals, in one

of which it appeared that " the articular surfaces of the body were convex at the back end,

and concave at the fore part. Buckland's specimen serves to dissipate any doubt on the

point so important in reference to the CrocodiUan affinity. It might be assumed that the

Author viewed the convexity as posterior by the expression " as in the Crocodile j" and in

the last of the dorso-lumbar series, which I regard, with Buckland, as ' probably lumbar,'

in the sense of not being costigeroiis, the position of " its concave articulating surface is

demonstrated by those of the articular processes (zygapophyses) at the same end of the

vertebra, which prove them to be the anterior pair, slightly prominent, looking upward

and inward. Buckland notes these as " two anterior spinous processes, an obvious

typographical error for ' oblique ' or ' articular,' venial in one not professedly an

anatomist.^

With regard to the Crocodilian affinity inferred from this structure, it must be remem-

bered that the procoelian stucture, though it has been observed in Crocodiles from the

Greensand of New Jersey,^ is characteristic of the Tertiary and existing species, rather

than of the order at large, which had more abundant and diversified (amphicoelian and

opisthoccelian) representatives in the Secondary ages of Geology. Moreover, the anterior

concavity and posterior convexity of the vertebral body obtain in most recent, Tertiary,

and Cretaceous Lacertilia; and finally, the cup- and ball-joints of the centrum appear in

the dorsal vertebrae of at least one genus of Birds, though with the ball in front.*

In the series of nine dorsals, preserved in the subject of PI. XVIII, n, the centrums

slightly lose length as they recede in position from the neck ; the anterior ones measure

009 mm. = 4^ lines ; the posterior ones measure O'OOS mm. = 4 lines ; the transverse

diameter of the articular ends is 0-007 mm. = 3 hues. The dorsal vertebra in Buck-

land's specimen presents the same dimensions. These dimensions increase as the two or

three anterior dorsals approach the neck, but the greater enlargement of the last cervical

is somewhat abrupt.

For the shape and proportions of the ribs (in the Restoration, PI. XX), I have those

marked h, c in the original specimen,^ and the more numerous and better preserved ones

' "Die Gelenkflache der WirbelkSrper war auf der Hinterseite convex, wie beim Crokodil, vorn dagegen

concav. So sclieint es wenigstens."

—

Quenstedt, Ueber Pterodactylus suevicus im lithographischea

Schiefer Wiirtembergs. 4to, 1855, p. 45.

- Buckland, loc. cit., pi. 27. [This vertebra is shown in PI. Ill, fig. 2, of the present Mono-

graph.]

^ "Notes on Remains of Fossil Reptiles discovered in the Greensand Formations of New Jersey,"

'Quarterly Journal of the Geological Society,' vol. v, 1849, p. 388.

* As in Aptenodytes ; " On the Vertebral Characters of the Order Pterosauria," ' Phil. Trans.,' 1849,

pi. X, fig. 22, p. 163.

^ Buckland, loc. cit., pi. 27.
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in the specimen fignrcd in PI. XVIII. Their articulations witli the vertebrae have already

been noticed. The ribs increase in length to the fifth or sixth, with some dimijuition of

breadth after the third, and acquire a characteristic tenuity beyond the sixth pair. On
the outer surface a groove extends from the neck, or interspace between the head and

tubercle downward ; the front border of the groove being somewhat prominent, but sub-

siding in the hinder ril)s, Epipleural appendages are indicated in some specimens

;

but the indications are feeble, and, if rightly so interpreted, these appendages seem to

have been but partially ossified.

The sternal ribs, beyond the sternum, unite below with the free ends of the abdominal

V-shaped, intermuscular styles.

The irregular elongate mass (marked 18 in pi. xxviii of Buckland's Memoir) and

conjectured to be "sternum—nnich broken, and its form indistinct " (loc. cit., p. 221) in-

cludes two crushed cervical vertebra?, and part of a third. Of the sternum I have not been

able to discern a satisfactory trace in any of the specimens of Bimorphodon ; its propor-

tions and position are, therefore, indicated in the ' restoration' (PI. XX) according to the

analogy of that in Pterodactylus suevicus} Pt. simus," and in Tthamphorhynchm?

In the main, as regards breadth of the hind part and depth of the fore part, the breast-

bone of Ptei'osauria is formed on the Ornithic pattern ; i. e. it is shield-shaped, and it

has a keel. Put the keel does not descend from the expanded portion ; it is formed, as

shown "in a former Monograph (Suppl. No. Ill, p. 8), by the vertical development of the

anterior production answering to the ossified sternum of Crocodiles and to the episternum

of Lizards. I would recommend a comparison of the figures of the sternum in Iguana and

Notornis, given at p. 21, vol. iii, of my ' Anatomy of Vertebrates,' to whosoever may

desire to form an opinion of the evidence of affinity to Birds or to Reptiles, respectively,

afforded by the Pterosaurian sternum, especially as this is illustrated in figures 7 to 12 of

PI. II of tlic Supplement No. Ill, above cited. No one desirous of simply getting at the

• Quenstedt, loc. cit. (18.")5).

' 'Monograph,' Suppl., No. Ill (18G0), PI. II, figs. 7—12.

^ Von Meyer, op. cit. (18G0), pi. vii, figs. 1 and 3, and pi. i.\, fig. I.

Fig. 1. Fig. 2.
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truth of the matter can put aside the ' post-coracoid lateral emarginations,' and other

modifications defined in that Monograph as ' distinctive Pterosaurian characters/ No

Bird has shown any approach to them. What modifications of the Pterosaurian sternum

Dimorpliodo7i may have presented, vi^e have yet to learn.

In all cases in vi'hich it has been observed, the sternum in Fterosauria (fig. 1) resem-

bles in essential characters that of Crocodilia (fig. 2); its chief part is a longitudinal, com-

pressed, deep bar (59), expanding laterally, some way from the fore-end, for the articulation

of the coracoids (51),^ and having the posterior expansion (eo), which remains cartilaginous

in the Crocodilia, more or less ossified, in the form of a thin semicircular plate : but the

whole bone, though adaptively modified for attachment of muscles of flight, preserves the

characteristic shortness compared with the trunk, and offers a striking contrast to the long

and large subabdominal plastron in most birds of flight. There is no distinct T-shaped

episternum, such as exists in most Lacertia, and no trace of clavicles as in Lizards and

Birds. Distinct lateral elements for articulation with sternal ribs I have not satisfactorily

made out in any specimen.

The abdominal haemal arches consist of slender haemapophyses and of chevron-shaped

haemal spines.

There is evidence of one lumbar or ribless vertebra anterior to the sacrum, in Dimor-

pliodon ; and no Pterosaurian appears to have shown more than two such vertebras : in this

character we are again directed to the true Reptilian relation of Fterosauria, and 'warned

off the beguiling marks of Avian affinity.

The indications of epipleural appendages of ribs, more or less bony, if rightly inter-

preted, answer to the gristly ones in Crocodilia and some Lacertia?' The restoration of the

bony cage of the thoracic-abdominal cavity of Dimorphodon (PI. XX) is based on the

analogy of better preserved specimens of Fterosauria in regard to this part of the skeleton.

Scattered elements of the haemal arches, ' abdominal ribs,' &c., have alone been met with

in the specimens of DimorpJiodon hitherto obtained.

The sacrum, on the probable hypothesis of retention of the length of centrum shown

in the lumbar vertebra, would include at least four vertebras
;

if, as by the analogy of the

sacrum (figured in PI. II, fig. 26, of the Monograph, &c., Supplement No. 1, 1859), the

vertebrae lost length at this confluent tract, there might be five or six sacrals articulating

w^ith the iliac bones m DimorpJiodon. Von Meyer figures 5— 6 anchylosed sacral vertebrae

in his Fterodactylus duhius and the sacrum appears to consist of at least six confluent

vertebrae in Rhampliorhynclms grandipelvis, Von Meyer.*

With all the evidence that the Pterosauria, like the Binosauria and Bicynodontia,

' 'Monograph on Cretaceous Reptilia,' Supplement, No. Ill (1860), PI. II, figs. 7— 12.

2 As in Hatteria, see Giinther's excellent Memoir, in ' Philos. Trans.,' Part II, 1867, p. 13, pi. ii,

figs. 17, 24.

2 Op. cit., p. 17, pi. vi, fig. 1.

* Op. cit., p. 53, pi. viii, fig. I.
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exceeded the sacral formula prevailing in existing Crocod'dia and Laccrtilia, we should

gain no firm ground therefrom for predicating Avian aifinity or for building thereon a

derivative hypothesis of the class of Birds. Many existing Chelonian Reptiles have a

sacrum composed of more than two vertebrae.^

The perfect specimen of tail-vertebrae and associated bone-tendons in the specimen

(PI. XIX, fig. 4) completes satisfactorily the restoration of this part of the vertebral

colunui in Bimorphodon. Before the discovery of Uhamphorhynclius, the order Pferosauria

was known only through species having the tail very short. Not only were the vertebrae

comparatively few, estimated at twelve or thirteen in Pterodacfj/I/is longirodris^ at

fourteen in Pt. spedabilis, at fifteen in Pt. scolopaciceps,^ and as low as ten in Pt.

Meycri^ but they were very small and short. The great advocate of the Avian affinity

of the Pterosaurs, Soemmkrring, based his chief argument in this character. But

CuviER was able to adduce instances of Piptilia with tails as short ; and he might now

have cited a Bird with a tail-skeleton as long, as slender, and as many-jointed as in divers

Saurians.'' The earliest indication of a range of variety in this part of the bony frame-

work of a Pterosaur was deduced, with his usual sagacity, by Buckland.

In the original specimen of D'nnorpliodon are three caudal vertebrae at the base of the

tail, marked K, in pi. xxvii of his jMemoir, from the size of which vertebrae, together with

the larger and longer legs, as compared with Plerodactylm lonyirostris, Buckland

inferred that the entire " tail was probably longer, and may have co-operated with the

legs in expanding the membrane for fiight." *^ " A long and powerful tail," he proceeds

to remark, " is in strict conformity with the character of a Lizard" (ib.).''

Buckland would have had further direct confirmation of the length and strength of the

tail of his Lias Pterosaur, if he had recognised the series preserved at a, a, in his pi. xxvii,

as caudal vertebrae ; but they were conceived to belong to the neck, notwithstanding

their slenderness and length, and that around them were " small cylindrical bony

tendons, resembling the soft tendons that run parallel to the vertebrae in the tails of

Rats."** When the evidences of caudal structure were first recognised by Von Meyer, in

PliamphorhuncliHS Gemmiv(ji, he detected the homologous structures in pi. xxvii of

1 'Anat. of Vertebrates,' vol. i, p. 6.5.

2 By Cuvier, vol. cit., p. 368.

' Von Meyer, op. cit., p. 17.

* lb., p. 17.

^ Owen "On the Archeeopteryx,^'' ' Pliilos. Trans.,' 1S63, p. 33, pis. i—iv.

« Buckland, loc. cit., p. 221.

Archceopteryx had not then been discovered
; else, it might have been objected to the above hint of

affinity, not only that there had been short-tailed Pterodactyles, but also long-tailed Birds.

8 " Mr. Clift and Mr. Broderip have discovered that the remaining cervical vertebrae arc surrounded

with small cylindrical bony tendons of the size of a thread. These run parallel to the vertcbrsc, like the

tendons that surround the tails of rats, and resemble the bony tendons that run along the back of the pigmy

musk and of many birds" (loc. cit., p. 218).
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Buckland's Memoir, and suggested that its subject might belong to the same section or

genus.^ The subsequent discovery of the skull and dentition has, however, shown that

another generic section of Fterosauria, or at least one species thereof, had a similar long

and stiff tail. The modification involving that quality does not, however, extend

throughout ; the anterior caudal vertebrae retain the more normal character, and the

appendage would be most moveable at its base. No doubt a small degree of yielding at

the many persistent vertebral joints—for complete anchylosis has not been observed

—

would allow a slight curvature to the extent to which the tail is represented as yielding

to a lateral force in the restored figure (PI. XX, fig. 2). The number of the caudal

vertebrtE in Dimorphodon macroiryx was at least thirty ; the termination of the specimen

figured in PI. XIX, fig. 4, does not indicate a loss there of as many centrums as would

bring the number up to thirty-eight, which are assigned by Von Meyer to his Rhampho-

rhynchus Genmingi.

As we cannot, therefore, with Soemmerring, insist on the shortness of the tail in some

Pterosauria as proof that they were Birds, so neither can w^e conclude from the length of

the tail in other Pterosauria that they were Reptiles. The legitimate taxonomic deduction

from such caudal modifications is, that they are not of sufficient importance for determi-

nation of a class, and that they do not exclusively characterise the genus. They

indicate adaptations in an extreme and variable part or appendage of the body to special

powers or ways of movement, or sustentation, in air of the present group of volant animals.

So, likewise, it cannot be, as it has been, inferred from the length of tail in Arc]i<sopteryx,

that it was a Reptile." What Ave learn from that Avian fossil is akin to what we

have learnt from Pterosaurian remains, viz., that the tail is a seat of extreme modification, in

respect of length and number of joints, within the limits of the feathered class. Mamma-

logists, with a like drift, could add instructive evidence of corresponding caudal variability

within the limits of the order, as in the volant Cheiroptera, and even within the bounds of

the family {Bradi/pus and Megatherium, e.g.).

The value of the discovery of Archceopteryx, in relation to Pterosauria, is enhanced by

the peculiar nature of the matrix, conservative of cutaneous as well as of osseous

characters ; showing casts of down and feathers,^ impressions of the fine foldings or

wrinkles of thin expansions of naked skin, as well as delicate tendons surrounding,

working, strengthening, and stiffening the caudal framework.

With these parts the fine lithographic lime-marl should have preserved the plumose

appendages of the long tail oi Ithainphorhynchus,\i that flying Reptile had possessed such
;

and, along with caudal plumes and vertebrae, should have been preserved the bone-tendons

of the tail, if Archceopteryx had possessed that structure.

It is probable, from the constancy with which caudal vertebra3 of long-tailed

1 In 'Leonhard und Bronn's Neues Jalirbuch fiir Miiieralogie,' &c., Jalirgang, 1857, p. 536.

2 E.g., as the Gryphosaurus of Andreas Wagner.

^ .\ few of tlie delicate, downy body-feathers of ArchcEopterijx are clearly indicated near one side of the

trunk in the slab with most of the bones of the specimen of Archaopteryx in the British Museum.
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Pterosaurs have been found associated with their tendons/ that detached caudal vertel)rai

of Archaopteryx might be recognised through the want of them.

We may confidently conclude that the Oolitic mud which has entombed the greatest

number and variety of the flying reptiles of its period would have shown us, when petrified

into lithographic slate, their feathers, if, as warm-blooded animals, they had needed such

heat-conserving a covering. The plumose clothing of the long-tailed bird of the period

proves its haematothermal character, as the want of it shows the long-tailed pterosaur to

have been cold-blooded.

The tyro, fresh from the lecture-room of his physiological teacher, ambitious of soaring

into higher regions of biology than were opened to hiui at the medical school, impressed

with the relations of active locomotion to generation of animal heat, may be pardoned for

inferring that the amount of work involved in sustaining a Pterodactyle in the air would

make it, physiologically, highly probable that it was a hot-blooded animal. But a competent

friend, finding him bent on rushing with such show of knowledge into print, would counsel

him to provide himself with a thermometer adapted to the delicate testing of the internal

heat of small animals. So provided, if he should chance to beat down a chafer in full flight,

the experiment, made with due care and defence of the fingers guiding the instrument,

would teach him how fallacious would be the inference that, because an animal can fly, it

must, therefore, be hot-blooded. Unless he happen, in introducing the bulb by the

widened vent into the abdomen, to ])lunge it into a mass of ova, he will find the heat of

the beetle, notwithstanding the amount of work involved in sustaining and propelling

itself in air, not to exceed by more than one degree that of the atmosphere. If he has

knocked down a female cockchafer prior to oviposition, the ovarian masses nuiy indicate half

a degree, or even one degree, higher of temperature (Fahr.). With the cooling of the air

in the summer night the temperature of the Mclolontha concurrently falls. So, likewise,

would that of the flying reptile, whatever " amount of oxidation and evolution of waste

products in the form of carbonic acid " " might have attended their exercise of flight. The

constant correlative structure with hot-bloodedness is a non-conducting covering of the

body. We may with certainty infer that Archceopteryx was hot-blooded, because it had

feathers, not because it could fly.

There is no ground, from observation of the Sharks and Porpoises that accompany

swift-sailing vessels, maintaining themselves near the surface, exercising their several and

characteristic evolutions in quest or capture of prey, for inferring that the amount or the

energy of muscular action is very different in the two surface-swimmers.

Sharks have and, no doubt, work a greater proportion of muscle than Cetaceans ; a

less proportion of their body is excavated into visceral cavities. Yet the Shark is cold-

blooded ; its temperature rises and falls with that of its medium ; it has no provision, by

1 As seen in PI. II, jit cd, and in PI. Ill, figs. 3,4, 5.

- 'Proceedings of the Zoological Society,' April, 1867, p. 417, Prof. Uuxlfv ••On the Classilicatlou

of Birds."

10
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a blanket of blubber or other superficial modification, in aid of the maintenance of a fixed

and high degree of blood-heat.

There are conditions, it is true, in which a Reptile generates a higher degree of heat

than is usual, but they are not those accompanying any unusual or excessive muscular

work and waste
;
they are attended with rest, not locomotion. The incubating Boa gives

to the hand that may be insinuated between the coils surrounding the eggs the sensation

of a warm-blooded animal. Valenciennes ' found, in the Reptile-house at the Jardin

des Plantes, when its temperature, in the month of ]\Iay, was 23° (Centigrade), that the

heat of the Python, between the folds and upon the eggs, was 41 '5° (ib.) ; so also the

heat of the incubating surface of the Bird may rise to 10 degrees (Centigr.) above the

ordinary temperature—higher in this passive state than it ever reaches during flight.

The organic condition which determines the hot-blooded or cold-blooded nature of a

volant Vertebrate is the separation or the commingling of the arterial and venous bloods

in the course of their respective circulations. From the demonstrated absence of any

heat-retaining covering of the skin in Pferosauria—the kind and amount of negative

evidence hereon being decisive—I infer that the black and red sanguineous streams were

mixed by intercommunication of the aortic trunks of the right and left ventricles, as in

the Crocodile.^ The plumose integument of Arcliaopteryx bespeaks the separation, not

only of the pulmonic and systemic ventricles, but of the arterial trunks thence arising ; it

was, consequently, hot-blooded, not because it could exert the muscular force required to

sustain itself in the air. The all-important condition of the circulating system has wide

correlations, not only with the extensive superficies acting upon the surrounding medium,

and being reacted upon thereby, but with a rapid and uninterrupted respiration, with an

advanced status of the nervous system, especially the brain, involving higher intelligence

and more lively and varied instincts, especially the parental. In the organic character

determining temperature, breathing, and higher phenomena of life. Birds agree with Mam-

mals and differ from Reptiles.

Birds agree with Implacental Mammals {Lyencephala) in the development, by the

embryo, of a vascular allantois devoid of villi for placental connection.^ They agree with

the same Mammals and differ from Reptiles in the transversely and deeply folded cere-

bellum, and in the larger proportion of that and of the cerebrum to the optic lobes. Birds

resemble Reptiles in the absence, not only of a corpus callosum, but of a fornix and

hippocampal commissure. The Lyencephala have the hippocarapal commissure, but no

1 "Faites pendant I'incubation d'une femelle du Python a deux raies {Python bivittatus, Kuhl)," &c.

'Comptes rendus de I'Acad. des Sciences,' Paris, 19 Juillet, 18-41.

2 ' Anat. of Vertebrates,' i, pp. 510—512, figs. 339, 340.

3 This character is affirmed to be " of extreme importance, and to define Birds and Reptiles, as a whole,

very sharply from Mammals."—Prof. Huxley ' Ou the Classification of Birds,' loc. cit., p. 416. But, then,

the emphatic assertion comes from a writer on Elementary Physiology, who infers the blood of the Ftero-

sauria to have been hot because they were able to sustain themselves in air

!
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corpus callosum ; this characterises the riacental ManinuiHa. Birds differ from other

Oviparous Vertebrates in the chalaziferous ovum. The particulars in which Birds differ

from all Mammals and agree with Reptiles are comparatively unimportant ones of the

skeleton. The occipital condyles [e.ff.) are more completely blended or unified than in

Cetacea. The tympanic is interposed between the mandible and the mastoid, as in

Reptiles.^

Two genera of Lyencephalous Mammals retain the osteological character common to

Birds and Reptiles of the connection of the scapula with the sternum by the intermedi-

ation of a fully developed coracoid, and it is one of several and more important characters

disproving any sharp definition of the higher warm-blooded Ovipara, at least, from the

Ovo-viviparous or Implacental Mammalia.

The scapular arch retains, in Pterosauria, its crocodilian simplicity, modified in shape

and in the angle at which the scapula meets the coracoid adaptively for the function of

flight in the limb suspended thereto. There is, consequently, a close similarity to the

same elements in Birds of Flight," but without any trace of the superadded furculum. The

articular grooves on the sternum for the coracoids communicate or run into each other at

the mid line. The articulation of the corresponding end of the coracoid must be as secure,

and yet as easy a motion, due to a well-turned synovial joint (shown first in

Pterodactylus Woodwardi and PI. simus)^ as in any Bird. The confluence of the

scapula with the coracoid seems not to be constant in the order Pterosauria ; and where

it has been found, as in Bimorpliodon and Pterodactj/lus FUtoni, traces of the original

suture are present, as represented in the large Ncocomian Pterosauria in my Monograph

of ISSQ.'^

In some specimens of Uamphorhynchis Gemmingi and in Pamphorliynchus longicaudus

the scapula and coracoid seemed not to have coalesced.^ The coalescence is complete and

constant (so far as may be inferred from two specimens) in Bimorpliodon.

For the analysis of the characters of the humerus in Pterosauria, I may refer to my

Monograph, Suppl. No. Ill (1861), pp. 13—17, PI. III. The chief seat of variety is the

" radial crest " (PI. XVIII, 53, h, of present Monograph). In the shape and proportions

of this extraordinary process Dimorphodon resembles Pterodadylus more than it does

Ramphorhynchus. In the proportions of the humerus to the body there is little diversity

in the several species.

The antibrachium is commonly two sevenths longer than the humerus. It consists

1 Asa taxonomic character—whatever degree of value may be adjudged to it—this mode of connection

of the lower jaw with the skull gains nothing by calling the tympanic 'quadrate bone,' or by aliirming

it to represent the ' incws ' or ' malleus' of Mammalia, whichever may happen to be the favourite

fancy of the day.

'Monograph,' Suppl. No. I (18;")9), p. 13.

^ 'Monograph,' Suppl. No. Ill (18G1), p. 12, pi. ii, figs. 7—12.

* Suppl. No. I, PI. Ill, figs. 1—5.

5 VoN Meyer, np. cit., p. 18.
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of two equal-sized, closely and extensively united bones, with one or two slender styliform

ossicles attached lengthwise, having the base a little below the distal ends of the radius

and ulna. The latter bone shows no pits for the attachment of quill-feathers, as in the

hot-blooded volant Ovipara. A carpus with one large and one small bone in a proximal

row, and with a second large and at least one smaller bone in a distal row, is another

character by which the Pterosauria manifest their closer affinity to Reptiles than to

Birds. The remains of the gigantic species from the Cambridge Grecnsands have yielded

the characters of the two larger carpal ossicles.^

Variation, as usual, begins to assert its sway as the segments of the limb recede from

the trunk. This is mainly shown in the relative length of the metacarpus. In Rampho-

rhynchm Gemmingi it is to the antibrachium as 2 to 7, and to the first phalanx of the

wing-finger as 1 to 5, or rather less. In Dimorphodon the metacarpus is to the

antibrachium rather more than 2 to 6, and is little less than one half the length of the

first phalanx of the wing-finger. In Fterodactylus longirostris the metacarpus is

two thirds the length of the first phalanx. In Pterodactylus longicollum the metacarpus

is almost four fifths the length of the first phalanx of the wing-finger. In Pt. suevicus

the metacarpus is one eighth longer than the antibrachium.

There are diversities also in the relative length of the phalanges of the wing-finger.

In Dimorphodon they increase in length from the first to the third. In Ramphorynclius

Gemmingi the first and second phalanges are of equal length, and the third is shorter. In

Pterodactylus longirostris, Pt. scolopaciceps, Pt. Kochii, they decrease in length from the

first to the third, and in a greater degree in Pt. suevicus.

The most marked variety, however, if the structure has been rightly determined or

be not due to some accidental mutilation of the individual, is that on w'hich Von Meyer ^

has founded his genus Ornithopterus, viz. a reduction in the number of phalanges of the

wing-finger from four to two, and the articulation of the proximal one to two large

metacarpals. The last pointed phalanx of the wing-finger in Bamphorhynchtis is rather

longer than the peiuiltimate one ; in Ornithopterus Lavateri it is only one third the

length of the penultimate phalanx.

The evidences of pelvic structure in other Pterosauria, already referred to, leaves no

doubt as to that in Dimorphodon, as restored at s, 62, 63, 64, in PI. XX. The

expansion of the ischial and pubic elements and the direction of the latter are strong

evidences of Reptilian affinity, and decisive differences in the comparison with Birds.

Given the greatest number of vertebrae grasped by the ilia, it falls short of the least

number presented in the class of Birds, as by certain Natatores, which concomitantly

manifest a vacillating or waddling gait. Nothing in the structure, proportions, and con-

nections of the pelvic arch squares with the notion of bipedal progression or erect

sustentation of the body and wings of the Pterosaur. The share taken by the hind limbs

1 'Monograph,' Suppl. No. Ill (1861), p. 17, PI. II, fig. 6; PI. IV, figs. 5—9.

2 Op. cit., p. 25, pi. vi, fig. 5.
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in resting or moving on dry ground was that indicated in the restoration of the skeleton

in PI. IV.

The hind limbs of DimorjjJiodori are, nevertheless, larger and stronger in proportion

than in other Pterosauria. The femur, in most species, equals the humerus in length, and,

in Dimorphodon, also in thickness. In Pterodactylus longirostris and Pt. Koc1iii*C(\s, femur

is the more slender bone ; in Rampliorliynchus it is likewise shorter than the humerus.

The tibia, more slender than the antibrachial bones, in Pterodacti/lus longirostris and

Pt. Kochii, is of equal length therewith. In Bimorphodon the tibia is less slender in pro-

portion to the antibrachium, and is longer by one seventh. In Pamphorhynchus it is

much more slender than the antibrachium, and is nearly one third shorter. The ankle-

joint works between the tibia and tarsus, which, as in other Reptiles and Mammals, is

distinct from the metatarsus. There is no calcaneal prominence, and the foot admits of

easy rotation, as in the ' Restoration,' PI. XX, fig. 2, where the inner toe is turned out-

ward and the sole presented to view, to show the application of the wing-toe in flight to

the interfenioral web.

Whether the trochlear terminal joint of the tibia be ossified from a separate centre in

the Pterodactyle as in the Bird requires a specimen of the requisite immaturity for deter-

mining. If the hind limbs and pelvis presented the structure for sustaining and moving

the animal erect on land, an epiphysial state of the articular ends of the long bones might

be physiologically inferred. I conclude, from the absence of the modifications essential to

bipedal station and progression in Pterosauria, that the articular ends of both femur and

tibia, including the distal condyles of the latter bone, were co-ossified with the shaft as in

other Saurians.

AVhen in warm-blooded Vertebrates,whether Birds or Mammals, the metapodial elements

of different toes coalesce, the epiphyses of such coalesced series, or

• cannon bone,' are usually connate, forming a single bone. As, e.g., at

the proximal end of the Cow's and Bird's metatarsus (figs. 3 and 4, c)}

and also even at the distal end of the cannon-bone in Ruminants

(fig. 3, d). I demonstrated the fact in both the metacarpus and meta-

tarsus of a young Giraffe, in my ' Hunterian Lectures' of 1851. The

specimens are Nos. 3631 and 3635 in the Osteological Collection of

the Royal College of Surgeons (' Catal.' 4to, 1853, p. 601).

The distal trochlear end of the Bird's tibia, in its epiphysial state

(fig, 4, d), answers to the distal trochlear epiphysis of the Ruminant's

tibia (fig. 3, a). In its anchylosed state the distal bicondylar troch-

lear joint or end of the Bird's tibia answers to the distal bicondylar
j^^j^j^^^j B^rd.

trochlear joint or end of the Pterosaur's tibia. The proximal

1 " The upper articular surface is formed by a single broad piece. The original separation of the

metatarsal bone below into three pieces is plainly indicated."—" On the Anatomy of the Southern Apteryx,"!

•Trans. Zool. Soc.,' ii (1838), p. 293.
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epipliysis of the Bird's metatarsus (fig. 4, c) answers to the proximal epiphysis of the

Ruminant's metatarsus (fig. 3, c).

The interspace between the leg and foot is the seat of variable and inconstant centres

of ossification, from zero, as in Proteus, Aniphiuma, Aves, to the four ossicles in Crocodilus,

and the seven ossicles in Chelone.

The functions of the hind leg in Birds require peculiarly strong, firm, close-fitting,

interlocking joints. Thus, the fibula articulates directly with the femur, and the meta-

tarsus as directly with the tibia, No interposed ossicles are permitted to affect the simple

efficiency of this tibio-metatarsal joint in the long-footed feathered bipeds. In quadrupeds

and in the short- and broad-footed Bimana tarsal ossicles, interposed at the space b (fig.

3), have their use. But whether the tarsus exist or not, in the Hamatotherma the articular

ends of the long bones begin as 'epiphyses j' and when two or more metacarpals are to

become massed into one bone, the epiphysis (c) is single—a very significant developmental

guide to the homology in question.

The strangest aberrations in homological aims have arisen from a non-recognition of

the distinction between teleological and homological centres of ossification.^ Not only is

a tibial epiphysis made into a tarsal bone—and why other epiphyses, such as the proximal

one of the tibia, or the distal one of the femur, should be differently treated is not obvious

—

but new bones by the score are added to the cranial series. ' Basitemporals,' ' prevomers,'

' antorbitals,' ' perpendicular ethmoids,' ' ali-ethmoids,' &c. &c., have been heaped up to

obstruct the comprehension of the plain and intelligible nature of the bird's skull.

The four unguiculate digits of the foot are of nearly equal length, but present a slight

difference in their proportions ^ in the Pterosauria. Cuvier having determined the Lacertian

character of the phalungial formula of these digits, viz. 2, 3, 4, 5, adds that, apparently,

the fifth digit was reduced to a slight vestige of two pieces in Pterodacti/Jus longirostris?

Subsequently discovered species have offered a like indication, to which Von j\Ieyer alludes

as a rudiment or stump (' stummel ') of the fifth toe.* No other specimens, to my know-

ledge, save the third of Dinioiyhodon (PI. XVIII) and the Baniphorliynchus (PI. XIX, fig. 5)

have shown the condition of the fifth digit as of three pieces, viz. a metatarsal [m, v) and

two phalanges {v, 1 and 2).

The metatarsal of this toe shows an interesting affinity to that in the Crocodllia by its

greater breadth and shortness in comparison to the other metatarsals. The two phalanges

have proportions and forms which clearly show their adaptive relations as aids in sustaining

the interfemoral or caudo-femoral parachute ('Restoration,' fig. 2, PI. XX).

1 Owen, "Lectures on the Comp. Anat. of Vertebrate Animals," 8vo, 1846, p. 38.

2 See Monograph, pi. xi, fig. 3.

3 " 11 paroit qu'ici le cinquicme ctoit reduit a un leger vestige de deux pieces."
—

' Oss. Foss.,' vol.

cii., p. 374.

* " Cuvier, Wagler, and Goldfuss lassen den Fuss aus fiinf ausgebilteten Zehen bestelien ; in alien

Pterodactyln habe ichaber nie mehr als vier solcber Zehen, und hochstens uocb eineu Stummel vorgefunden."

—Op. cit., p. 20.
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The crushed condition of most of the long bones in the specimens of Dhnorphodon

show the wall of the shaft to have been compact and thin, the cavity large. Although I

have failed to detect such clear evidence of the foramen pneumaticum in these crushed

bones as in some of the vertebrae, I cannot resist the inference from the structure of the

long bones that they were filled with air in the living animal, as has been demonstrated

in remains of the larger Pferosaiiria of the Cretaceous series.'

This general osteological character of the Pferosauria leads me to offer a few remarks

on its relation to their peculiar power of locomotion among Beptilia, and to the affinity it

may indicate to other groups of volant Vertebrates.

Weight is, of course, indispensable to directed motion through the air
;
but, given

the weight requisite for the action against gravity resulting in flight, whatever structure

tends to dispense with additional burthen enables the force to act with more avail—with

less unnecessary resistance to overcome.

Where provision is made for unusual flying force, as by the enormous pectoral muscles

and concomitant shape of wing in the Swift, the required weight of body called for heavier

bones ; hence the non-pneumaticity of the skeleton. Diminished flying force, especially

with increased bulk of body, is attended with modifications of bony structure obviously

adapted, and which have always been recognised in relation, to reduction of weight in the

mass to be moved through the air. It is true that the mere quantity of air contained in

bones would have an effect inappreciable in aid of the force raising a weight of 5 lb. or

10 lb. from the ground but the true view of the question is— given a bone of 1 foot in

length and 3 inches in circumference, whether the restriction of bony matter to a thin-

ness of ^ a line at the circumference, and a substitution of air for the rest of the diameter

throughout the shaft, be not a provision for diminution of weight and conservation of

strength which does relate to facilitate locomotion through air?

If the humerus of the Ostrich (No. 1373, Osteological Collection in the Museum

of the College of Surgeons, London, 'Catalogue' of do., 4to, 1853, p. 265) be compared,

as to weight, with the similarly sized humerus of the Argala Crane (No. 1107, il).,

' Catal.,' p. 214), the difference is striking and suggestive; the latter bone being

" remarkable for its lightness, as compared with its bulk and seeming solidity (ib.,

' Catal.' ib.). I demonstrated the cause of the difference by a longitudinal section of

1 'Monograph on the Fossil Reptiha of the Cretaceous Formations (Order Pterosauria),' ('Pal. Soc.

Mon.', vol. v), 4to, 1851, pp. 80, 98, 101.

2 A writer impugning the physiological inferences of Hunter and Camper, the discoverers of the

pneuraaticity of the bird's skeleton, remarks:—"A living bird weighing 10 lb. weighs the same when dead,

plus a very few grains; and all know what effect a few grains of heated air would have in raising a weight

of 10 lbs. from the ground. The quantity of air imprisoned is, to begin with, so infinitesimally small, and

the difference in weight which it experiences by increase of temperature so inappreciable, that it ought

not to be taken into account by any one endeavouring to solve the difficult and important problem

of flight."

—

Pettigrew, "On the Mechanism of Flight," ' Liunean Transactions,' vol. xxvi,

p. 218, 1868.
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tlie two bones. In the Bird incapable of flight the humerus is soHd ; in the Bird remark-

able for the long-continued power of soaring in upper regions of the air the shaft of the

bone is a ' thin shell of compact osseous tissue.' The relation of the weight of the volume

of air occupying the capacious cavity of the Argala's wing-bone to the total weight of

its body need not be taken into account in considering the problem of flight, but the

relation of a hollow instead of a solid humerus is a legitimate element in the endeavour

to solve that complex kind of animal locomotion. To say that a certain amount of weight

in the bird is essential to the momentum of flight is no argument against the reduction

to such requisite weight of the body to be upborne. Every structure so tending to

lighten the body of a volant animal within the required limit is, and ought to be, recog-

nisable as physiologically related to flight.

By the pneuniaticity of the bones of the Pterodactyle, it might be inferred, from a

single bone or portion of bone, to have been an animal of flight. For, although certain

volant Vertebrates, e. g. the Bat and the Swift, may not have air-bones, no Vertebrate save

a volant kind has air admitted into the limb-bones. But the effect of such admission,

of such substitution of a lighter for a heavier material, is to diminish the weight without

impairing the strength of the bone ; the legitimate, if not sole, inference, therefore, is

that it contributes to perfect the mechanism of flight.

It is a purely adaptive character, and the insignificant, barely appreciable, difierence

of weight due to difference of temperature in a given bulk of air makes the pneumaticity

of the skeleton as available and advantageous to a cold-blooded as to a warm-blooded

volant Vertebrate.

In concluding the description of the subjects of the present Monograph I am moved

again to express my sense of acknowledgment for the most instructive of the evidences

of Dimorphodon macronyx due to my friend from the beginning of our palaeontological

pursuits, the Earl of Enniskillen, F.R.S. ; and, whilst fulfilling this pleasurable duty, I

would add a testimony to one whose loss Palaeontology has much reason to deplore,—to

the unwearied and undaunted explorations of the precipitous chfis of Lyme-Regis by

Mary Anning, to which, and to her singular tact of discernment of the feeblest evidence

of a fossil in that dark matrix, science is indebted for the discovery of the first evidence

of a Pterosaur in ' Lias ' of the locality, which has since yielded the grounds for the

reconstruction of the strangest reprcsentativ^e of the order.

Rawphorhynclim Mcyeri, PI. XIX, fig. 5.—In further illustration of the characters

of Dimorphodon macronyx I have added to PI. XIX a figure of a long-tailed Pterosaur

from the lithographic slate of Pappenheim, which, in the feebleness of its hind-limbs and

the general proportions of the tail, resembles Ramphorhynchus Gemminyi, V. M.^

1 See Vol) Meyer, op. cit., pi. ix, fig. 1

.
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The present specimen, from Dr. Haberlein's collection, now in the British Museum,

shows the fifth or 'wing-toe' of the foot, ib. fig. 5, v, which had not been preserved in pre-

viously described specimens of the genus.^ At least thirty-four vertebrae extend beyond

the sacrum ;
thirty-eight caudals are the reckoned by Von Meyer in the specimen of his

R. Gemminp with the best preserved tail ;^ but this difference would not have yielded

sufficient ground for specific distinction. There are, however, differences in the length

of the parts of the hind limb which indicate this to have been longer in proportion to the

tail and the ' symphysis mandibulse' than in B. Gemmingi.

Length of femur

„ tibia .

„ 1st toe

2nd toe

3rd toe

„ 4th toe

5th toe

R. Meyeri.

in. 1.

1 21

2

1 6

1 9

1 Hi
1 lOi

9

R. Gemmingi (pi. ix, V.

in. 1.

M., op cit.).

In both specimens the number of phalanges of the toes increases from the first or

innermost to the fourth, in the usual saurian ratio, .2, 3, 4, 5. In Bampliorlnjnckus

Meyeri the fifth toe consists, as in Dimorphodon, of two phalanges, the first being six lines

in length, the second three lines, and ending in a point. The metatarsal of this 'wing-toe'

is short, broad, and flattened, with a convex outer border at its basal half.

The bones of the left hind hmb are well preserved in the specimen figured.

The caudal vertebrae are surrounded by the bone-tendons. Their proportions, as

shown in the figure, accord with those in Dimorphodon, PI. XIX, fig. 4.^ The posterior

dorsal vertebrae of Bamjjhorhpichiis Meyeri show the broad diapophyses supporting the

ribs, which are more slender than those at the fore part of the chest. The symphysis

mandibulae is one inch six lines in length, including the edentulous pointed end. Four

pairs of long slender laniary teeth are preserved at the fore half of the symphysis. The

teeth at that part of the lower jaw in BamphorhyncJms Gemminyi are fewer in number

and less closely arranged.*

* " Ein Stummel wur nicht mit Sicherheit zu erniitteln."—Von Meyer, op. cit., p. 72.

2 Op. cit., p. G9.

* This figure has the neural surface downward in the Plate.

* Compare with Von Meytr, op. cit., pi. ix, fig. 1, and pi. x, fig. 1.

11







PLATE XVII.

Dimorphodon macronyx.

Skull and parts of the skeleton nat. size.

From the Lower Lias of Lyme Regis. In the British Museum.
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PLATE XVIII.

])imorphodo/i macrom/x.

Skull and parts of the skeleton : nat. si/e.

From the Lower Lias of Lyme Kegis. In the British Museum.









PLATE XIX.

Dimorphodon macronyx.

Fig.

1. Bones of fore foot and part of wing-finger.

2. Pelvis.

3. Anterior caudal vertebrae.

4. Vertebrae of entire tail, with surrounding bone-tendons.

From the Lower Lias of Lyme Regis, Dorsetshire.

nila niph rhynchm M?yer i.

5. Dorso-lumbar, sacral, and caudal vertebrae, part of pelvis, with bones of the

pelvic limbs.

6. Fore part of mandible and teeth.

From the Lithographic Slate, Pappenheim, Bavaria.

7. Second phalanx of wing-finger of Pterodacti/lus validits.

8. Distal end, and section of shaft, of tibia of Pterodactylm curttis.

9. lb. ib., side view, of do. do.

10. Section of second phalanx of wing-finger of Pterodactylhh nobilis.

From the Wealden of Sussex.

All the specimens of the natural size. In the British Museum.









PLATE XX.

Diniorphodon viacronyx.

Fig.

L. Restoration of the skeleton : nat. size.

2. Restoration of entire animal : reduced (see ' Scales' at foot of plate).

3. Side view of the skull of a recent Saurian {Lyriocephalns).
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MONOGRAPH
OF

BKITISH FOSSIL CETACEA
OF THE

'RED CRAG.'

Genus—Ziphius, Cuvier?

The more abundant evidences of Cetacea from the ' Red Crag' of Suffolk are teeth

and ear-bones, by which, in 1842 and 1843, remains of the order were determined in

that formation and locahty.'^ Portions of cranium, chiefly rostral, referable to the Ziphioid

family, are rare ; and these are always more or less rolled and worn,^ a condition which,

with the break-up of the cranial parts of the skull, and the scattering of its densest bony

parts, with detached teeth, indicates the long-continued operation of sea-waves, breakers,

and currents, on the deposits of a Tertiary period, which, in England, occupies a very

limited area. Nevertheless, there are grounds for estimating the amount of these

deposits, which must have been broken up and transported in order to furnish the

Cetacean nodules of the 'Red Crag,' at thousands of cubic acres. The remaining

debris of older Pliocene with probably Upper Miocene beds, known as ' Red Crag,'

occur in patches from Walton-on-Naze, Essex, to Aldborough, Suffolk, extending

from five to fifteen miles inland. The thickness of the Red Crag is variable, but

does not now average more than 10 feet; its greatest observed thickness is 40 feet,

including some sand-beds at the top, which have no shells. Broken-up septarian nodules,

and other so-called ' rough stones,' the debris of washed-off ' London Clay,' form in

some places a rude flooring to the Red Crag, and the Cetacean with other phosphatic

1 ' Recherches sur les Ossemens fossiles,' 4to, 1823, torn, v, pt. 1, p. 352.

2 "Reports on British Fossil Mammalia," 'Trans. Brit. Assoc.,' 1842. At this date I was misinformed

as to the formation in which the ' physeteroid tooth ' described in that ' Report ' had been discovered. Mr.

Charlesworth traced the origin of the then unique fossil to the Red Crag at Felixstow. In the following

year (1843) Prof. Henslow submitted for my determination and description a number of 'concretions'

from the same formation and locality, which are described in the ' Appendix ' to Prof Henslow's papers

" On Concretions in the Red Crag," &c., ' Proceed. Geol. Soc. London,' vol. iv (Dec, 1843), p. 283.

^ As in the specimen, closely resembling Ziphius longirostris, Cuv., described and figured in my
"Description of Mammalian Fossils of the Red Crag," 'Quart. Journ. Geol. Soc.,' vol. xii, 1856, p. 228,

fig. 24.

1
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'nodules,' 'concretions,' or 'cops' of the diggers^ are most abundant immediately

over the ' rough stones.'

It will be imderstood that I use here, as in my 'Memoir' of 185G, the term ' Red

Crag' in the sense in which it was first aj)plied by l^dward Charlesworth, Esq., F.G.S.,

as " characterised by its ferruginous colour
;"

' fully recognising, with the same perse-

vering and accurate explorer of the Eastern Counties' Crag-beds, that the rolled and frag-

mentary Cetacean remains belong to a deposit older than those which, by their testaceous

fossils, may be truly or strictly defined as ' Red Crag :' that the older deposit in question

—

more or less destroyed and broken up in Suff'olk—answers, in time, to the better preserved

Belgian ' Sable noir' of the ' Systcme Diestien' of Nyst and von Kocncn and also that,

though I have received Cetotolites from the London Clay of Essex, I hold the same opinion,

as does Prof. Van Beneden in regard to his ' Fiacozip/iius,' from the ' Rupelian Clay' of

Edeghem,* that they have gravitated into such older deposits in the course of their

agitation and rolling by the surf-waves.

By the term ZipJiius I understand, with Cuvier, a genus having close relations with

Ph^seter,\Awn., and still closer with Hyperoodon, Lacep.'^ (if it really merit generic distinction

therefrom), characterised by a more or less elongate, slender, edentulous, beak-shaped upper

jaw, or ' rostrum, varying in form, abruptly and considerably expanding between the

orbits, behind which both maxillaries and preraaxillaries rise to build, with the frontals, a

boundary wall concave upward and forward, the middle part of which, formed by the

premaxillaries and nasals, arches forward, so as more or less to overhang the nostrils.7 In the

mandible or lower jaw the teeth are reduced usually to a pair, which are subterminal or

terminal in position, and are most conspicuous, or may only be visible, in the male sex.^

In the existing species of this genus, discovered since the date of the classical

1 An abbreviation, according to our Saxon proclivity, of ' coprolites,' which these nodules were generally

supposed to be prior to my discovery, in 1840, of the nature of the coprolitoid fossil in Mr. John

Brown's collection, afterwards figured in ' British Fossil Mammalia,' p. 536, figs. 219, 226, and 227.

- 'Proceedings of the Geological Society of London,' vol. ii (May, 1835), p. 196.

3 'Geological Magazine,' 1867, vol. iv, p. 501.

* See the excellent Memoir by Mr. Godwin-Austen, 'Quart. Journ. Geol. Soc.,' vol. xxii, 1866, p. 228.

Ziphius—" a de grands rapports avec le cachalot et encore de plus grands avee I'hyperoodon."

—'Ossem. Foss.,' torn, cit., p. 351.

" " La partie du museau formee comme a I'ordinaire par les maxillaires et les intermaxillaires, est una

espece de cyliudre ou de prisme quadrangulaire dont les angles sont arrondies."—Ibid., torn, cit., p. 354.

7 " Ces intermaxillaires—rcmontent Ic long des cotes des narines, et se recourbent en avant pour former

avec les deux os du nez, n, n, qui sont encastres entre eux, unc espece d'auvent sur le dessus des narines."

—lb., p. 351.

* The taxonomic applications of the teeth in the species of Ziphius is affected by the singular arrest of

development of the dental system. Rudiments of teeth may be found hidden in the gum, filling the alveolar

groove of the premaxillaries, from which one small pair may slightly project, according to the age of the

individual. Small teeth, or concealed rudiments, may precede or follow the pair, or two pairs, which are

better developed in the lower jaw. As generic characters, I deem these dental conditions to be valueless.
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work cited, the blow-hole is single, transversely crescentic, with the horns forward

;

there is a small but rather high falcate dorsal fin, the pectorals are small and placed

low, the caudal broadly and terminally emarginate.^

The rostrum in Ziphius, as demonstrated in the skulls of the existing species above

described, is mainly composed of the maxillaries and premaxillaries ; but it likewise

includes at the medial line, along a greater or less extent from the base, the prefrontal

and the vomer, while at its base are parts of the palatines and pterygoids.

For a right use of a generic name it is requisite, in case of doubt, to refer to the speci-

men or specimens of species on which the genus has been founded, called 'type-

specimens' by those naturalists who use the word 'type' in that sense. The genus

ZipJdus was defined by Cuvier from characters afforded by more or less mutilated

skulls of three or more species. They Avere mainly derived from the least mutilated

specimen, which had been found by a peasant on the sea-shore (" sur le bord

de la plage") between the village of Fos and the embouchure of Galegeon, in the

Department of the " Bouches-du-Rhone," near the canal leading from the marsh of

' I'Estomac ' to the sea.^ The occiput and most of the

cranial cavity were wanting; but the specimen showed

the temporal fossae with the orbits and interorbital

expanse of bone, including the nostrils and the whole

of the rostrum, which was edentulous. It is figured

in the 'Ossemens Fossiles,' torn, v, pt. 1, pi. xxvii,

fig. 3 (I the nat. size). I reproduce in the cut, fig. 1,

the original figure of part of this specimen on a larger

scale, given by Prof. Geuvais, in his ' Zoologie et

Paleontologie franpaises/ 4to, pi. xxxviii, fig. 2. These

figures show that the premaxillaries (22) forming the

end and upper part of the sides of the rostrum

expand as they rise ('22)> ciu'ving outward and up-

ward, and inclining forward at their summits (22")

to support a pair of small massive nasals (15)

wedged in grooves between them : the expanding

nasal plates of the premaxillaries bound or form the

lateral walls of the cavity (prenasal fossa), into which opens posteriorly the upper outlet of

the nostrils, the septum of which (14) extends forward, bisecting in part the prenasal fossa.

The premaxillary wall or ridge dividing this fossa (22') from the maxillary (21') is represented

on the left side of Cuvier's fig. at 0, ; the rostral part of the premaxillary (22, fig. 1) is marked

y in the same figure. The maxillaries (21, fig. 1, pi. xxvii, fig. 3, e, e,f, in the ' Ossem. Foss.')

1 As in Ziphius micropterus, 'Memoires de 1'Academic Royalc de Bruxelles,' tome xii, pi. i; and in

Ziphius patachonichus, ' Anales del Museo Publico de Buenos Ayres,' torn, i, pi. xv.

^ 'Ossem. Foss.,' torn, cit., p. 150.

Ziphius cavirostris, Ci



4 BRITISH FOSSIL CETACEA

greatly extend transversely the interorbital platform, of which they constitute the two large

lateral wings or concavities
;
they are continued forward along the under part of the sides

of the rostrum, and for some distance in the form of an outstanding ridge (fig. 1, e,e).

The upper mid-tract of the rostrum (' vomer/ h, of Cuvier) is formed by a production of the

' lamina perpendicularis aethmoidei,' answering to my prefrontal/ of singular thickness (fig.

1, u')- The lower mid-tract of the rostrum is, in part, formed by the veritable vomer. This

rostrum was edentulous.

From the longitudinal extent of the prenasal fossa, through interruption of ossification

of the prefrontal, between i4 and i4', in fig. 1 {k and h of fig. 3, pi. xxvii, 'Oss. Foss.'),

Cuvier gave to this original type of his new genus the specific name Ziphius cavirostris. He
notes the cetacean character of want of symmetry in the twist of the nasal bones to the left

;

and that the contiguous plate of the right premaxillary is the largest, while, in the fossa (ib.,

o), the left premaxillary is the largest ("dans la grande fosse c'est le gauche qui reprend de la

largeur et qui rejette vers la droite la suture qui la separe de I'autre" (tom. cit., p. 351). The

posterior wall of the nasal chamber is perforated on each side the septum by a aingle orifice

;

Cuvier writes—"pour la communication du nerf olfactif avec les cavites nasals -." it more pro-

bably transmitted, as in BeljMnidcB and Hyperoodon, the nasal branch of the first division

of the trigeminal nerve, with accompanying branches from the anterior meningeal artery.

Cuvier adds that this skull was very heavy and very dense ("cette tete est tres pesante,tres

dure," ib., p. 352), by which he may be recording another character of his genus, viz. the

singular petrosal density of much of the osseous texture ; this character, however, he

believed to be due to posthumous petrifaction of the specimen, and so deemed it to

belong to a fossil Cetacean. The specimen, now in the Museum of Comparative Anatomy

at the Jardin des Plantes, though not " completement petrifiee en calcaire," ib., does

appear to have imbibed calcareous matter, probably by long imbedding in the superficial

deposit from which it had been dislodged.

The new and more enlarged view of the expanded interorbital part of Cuvier's original

or type-specimen of ZipJdus cavirostris, which Prof. Gervais has given," is chiefly for the

purpose of comparing it with a similar view of the skull of a Ziphius found in 1850, on the

beach of Aresquiers, Departuient of Herault, which ZipJdus, still existing in the adjoining

seas, he refers to the same species

—

Z. cavirostris? In this instance the mandible was

obtained, showing one of the series of germs of teeth in the alveolar groove of each ramus to

have been developed at the end of the symphysis.* The small size of this protruding tooth

may relate to sex, and indicate the stranded Ziphius to have been a female. M. Gervais notes

that the prenasal fossa (his 'excavation conchoide') is deeper and less expanded (" moins

evasee et plus considerable," op. cit., p. 8) than in Cuvier's specimen, owing to differences in

the direction and development of the premaxillary walls of the fossa. But M. Gervais is

inclined to include these differences within the range of sexual or individual varieties of

' 'On the Archetype and Homologies of the Vertebrate Skeleton,' 8vo, 18-18, p. .58.

^ 'Zoologie et Paleontologie francaises,' 4to, pi. xxxviii, fig. 2 ; woodcut fig. 1 of present Monograph.

3 Op. cit., p. 154, pi. xxxviii, fig. 8, and pi. xxxix, figs. 2—7. * Op. cit., pi. xx.xix, figs. 4, 4a.
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the same species of Ziphius. There seems, however, to be another difference, if we may

judge from the figure of the upper surface of the cranium from Aresquiers, viz. the

continuation of a canal more or less unoccupied by the prefrontal (or so-called ' vomer')

along the upper part of the rostrum to its termination. The text of M. Gervais supplies

nothing to correct the plain inference from his figure. Moreover, the new and valuable

figures from the original type-skull of Ziphius cavirostris, in the Museum at the Jardin

des Plantes (pis. xxxviii, fig. 2, and pi. xxxix, fig. 1, Gervais, op. cit.), confirm the

accuracy of Cuvier's account of the proportion contributed to the rostrum by the pre-

frontal (fig. 1, 14' : 'vomer, h, " d'une singuliere epaisseur," Cuv., torn, cit., p. 351) ; whereas

the appearance of the homologous tract in the Z/'pMus from Aresquiers (Gervais, pi. xxxviii,

fig. 1) plainly shows it to form a narrower and less elevated tract at the upper part of the

rostrum. If this should signify something more than sexual or individual difference, I never-

theless concur with Prof. Gervais in rejecting its interpretation as a generic distinction.

Returning to Cuvier's illustrations of his (supposed extinct) genus Ziphius, we find it,

next, illustrated by veritable fossils, from what is now known as the ' Middle Crag' at

Antwerp. Ziphius planirostris, Cuvier, is founded on specimens (figs. 2 and 3) which

include the rostrum, and so much of the expanded bases of the maxillaries and premaxil-

laries, with the palatines and pterygoids, as give the characters of the nasal passages

and base of the rostrum. The posterior part of

the basal or interorbital expansions of the maxillaries

and premaxillaries are, with the overarching nasals,

broken away. In the second of the two fossils in the

above general condition, to which Cuvier applied the

names Ziphius planirostris, he recognised and points

out differences which might be of specific value.i

Regarding the first as the type of Cuvier's Ziphius

planirostris, its more perfect condition permits both

upper and lower apertures of the nasal passages to

be seen—a condition of value in appreciating the

generic osteological characters of Zijjhius. In the

upper view (fig. 2) the prefrontal (14) forms the

posterior wall and septum of the vertical respira-

tory canals, the septum being continued into a sud-

denly expanded tract (14'), which advances with an un-

symmetrical bend to the right, as in Ziphius Layardi^

Plate I of th is Monograph . Any further definite tracing

of this mid-tract is not afforded by Cuvier's reduced

figure, beyond the canals [d, a) which terminate the pre-

ie que le premier, ofFre des differences, qui pourroient passer pour

Ziphius plan

^ "L'autre morceau-

specifiques."—Op. cit., p.

-plus

355.
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nasal fossae (22, 22') anteriorly, and partially reappear at fig- 2. The premaxil-

laries expanding at the sides of the nostrils developc each a ridge, extending toward

the nasals and dividing the prenasal fossae from the maxillary ones (21', 21')-

The specimen figured (' Oss. Foss.,' loc. cit., pi. xxvii, figs. 4, 5, 6; fig. 5 being copied

in my figure 2) shows a rostrum of similar proportions to that in the type-species (fig. 1,

and ' Oss. Foss.,' loc. cit., fig. 3) ; but the prenasal fossae are more shallow, the premaxil-

lary walls being less elevated ; and a more marked difference is seen in the continued

ossification from the 'septum narium' or ' lamina perpendicularis' forward (fig. 2, 14'),

expanding to form a broad and dense mid-tract along the' upper surface of the rostrum

(as at / in Cuvier's figures 4 and 5, " crete plate, qui me paroit appartenir au vomer

par sa partie inferieure et elargie," ib., p. 354). I shall subsequently show that this mid-

tract does in the present and some other species of Zip/iius coalesce by its lower

expanding surface with the canaliculate vomer, and in that respect, but in that only, may

be said to belong thereto.

The third specimen, also fossil (fig. 3), and from the same Mid-tertiary formation and

locality, resembles the second in the proportions of the rostrum, and in the continuous

ossification (uO of the cartilage extending forward from the 'septum narium' (14), and

expanding as shown at / in Cuvier's pi. xxvii, fig. 7.

Only, whereas in fig. 2 ('Oss. Foss./ ib., fig. 5)

the prenasal fossae terminate anteriorly, each in

a foramen leading to a canal which reappears

further forward on the surface of the snout ; in fig.

3 (' Oss. Foss.,' ib., fig. 7) the fossae are continued by

open canals {d, d) to the same part of the snout,

gradually contracting forward to such canals. More-

over, in the present species, which may be noted as

Zipldus Cuvieri, the upper surface of the maxillaries,

from the anterior third of the rostrum to the sides of

the prenasal fossae {d, d), is roughened by irregular tu-

bercles and ridges. Thischaracter appears in diflferent

degrees in other fossil ZijjJdi, e. g. Z.gihhis, t. ii, fig.

2, e ; Z. [Ziphiopsis, Du ^\\?,.)pJii/mu(odes, &c.

From the expanded superorbital platform of

the maxillaries (c, c, figs. 2 and 3), these bones

rapidly contract, with a concave outline to the base

of the rostrum, along the sides of which a ridge (<?)

Ziphius Cuvieri, Ow.
;
z. pianirosiris, No. 2, Guv.

continued for somo Way, gradually subsiding.

The third species Ziphius, Cuv., is represented by a petrified edentulous rostrum ('Oss,

Foss.,' loc. cit., pi. xxvii, figs. 9, 10), with so much of the base as shows it to be of similar

composition with that in the preceding Ziphii, but in shape hunger and more slender. As
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the upper raid-tract of the rostrum shows a mesial linear groove, Cuvier attributes its

formation to the premaxillaries ; but in the previous species the anterior continuation of

the so-called ' vomer' is similarly grooved. The veritable premaxillaries are perforated at

their basal expansion, as in Zipluus planirostris, by the incisive foramina (marked d, d in the

illustrations of the present Monograph). The maxillaries, where, tracing them backwards,

they begin to expand, show the lateral ridge marked e, and the outlets of the suborbital

canal. On this fossil rostrum Cuvier founds his species Zljjliius longirostris.

I now proceed to the inquiry, whether any existing species of Cetacea manifest

characters which can legitimately be interpreted as generically those of the Ziphius of

Cuvier, and whether they manifest corresponding modifications in the construction of

the rostrum with those interpreted by Cuvier as of specific value.

I shall commence with the description of one of the series of Cetacean skulls transmitted

from the Cape of Good Hope, for description and comparison, to the British Museum.

Two figures of the instructive specimen in question have been published by my colleague

Dr. Gray, E.R.S. ; one is a copy of a drawing by Mr. Trimen, of Cape Town, under the name

Hyperoodon capensis ^ the other is an original woodcut from the specimen itself, as exem-

phfying the genus jPetrorhynchus, Gray.^ It would be an ill return for Mr. Layard's

liberal labour of transmission if the British Museum did not furnish him with such

anatomical accounts of his rarities as might serve or help to determine their genus and its

true affinities.

Ziphius indicus. Van Beneden Petrorhynchus capensis, Gray ; (figs. 4, 5, 6, and 7).

This species exhibits the interesting and instructive condition of a partial ossification

of the prefrontal or cranio-facial cartilage—so-called 'vomer' (fig. 4, 14, 14')- In this

skull the cranio-vertebral elements continued by or into that cartilage can be completely

traced. The prefrontals form, as usual, the posterior concave wall of the nasal passages,

where each is perforated by one larger foramen, for the trigeminal olfactory (?), and a few

smaller vascular foramina
;
they coalesce at the mesial line, and rise as a low buttress-

like ridge abutting obliquely and unsymmetrically against the nasal bones ; the coalesced

parts then extend forward, as the thin ' septum narium,' with a sharp, free, superior concave

border ; the plate slightly thickens as it descends to be wedged into the vomer, expands

more as it advances in front of the nasal apertures, but subsides to the bottom of

the prenasal fossa, sinking almost to the level of the vomer, with which it has

coalesced, and there, at 14, shows a surface from 2 to 3 inches across and 9 inches

in length, concave both lengthwise and transversely, in which concavity was lodged the

' ' Proc. Zool. Soc.,' April 11, 1865, p. 359.

2 lb., June 27, 1865, p. 527.

3 'Memoires couronnes et autres Memoires de rAcadcmie Royale de Belgique,' t. xvi, 1863.
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remaining prefrontal cartilage, into which had extended a few spiculse of bone from

the lateral premaxillary walls (22', 22') of the deep cavity left between them by reason of

the defect or arrest of ossification of this part, as in Ziphius cavirostris (fig. 1). It is

most interesting to find indications of a similar structure in the original figure taken from

Cuvier's type-specimen of Ziphius cavirostris, in pi. xxxviii, fig. 2, of Prof. Gervais'

excellent work above cited.^

Fig. 4.

Ziphius indicus, V. B. ; l-8th nat. size.

In Ziphius indicus, at the distance of 9 inches from the upper nostrils, ossifica-

' Dr. Gray supposes this figure to be from a specimen distinct from that figured by Gervais, in his

plate xxxix ; be observes, " The skull of this genus (viz. Petrorhynchns) resembles in several particulars

the skull of Ziphius cavirostris figured by Gervais (' Zool. et Paleont. fran9.,' t. 39) ; but the cavity on

the crown of that species is only slightly developed, though it is apparently rather more developed in the

other specimens figured on the plate, t. 38 (figs. 1, 2) of that work, and the vomer is sunk in a groove, as

in the other Ziphioid genera" ('Catal. of Whales, &c.,' p. 346). But the figure 1 of pi. xxxviii, Gervais,
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tion has abruptly proceeded to convert the prefrontal cartilage into a dense mid-

tract of bone (fig. 4, 14') of a petrosal texture, and of unusual breadth, viz. 2 inches

9 lines, at about three inches in advance of the part w^here this ossification gains the level

of the premaxillaries. Prof. Gervais's figure shows the ossified prefrontal (his ' vomerine')

tract to rise and expand with similar abruptness in the type Ziphius cavirostris (cut,

fig. 1, 14')- From its broadest part, in Ziphius indicus, the mid-tract contracts, at first

gradually, then more suddenly and unsyrametrically ; the sutural fissures between it and

the premaxillaries (22) becoming shallower and widening into grooves, which demonstrate

at their bottom the complete coalescence of the prefrontal and premaxillary elements of the

rostrum. The grooves are continued to the end of the rostrum, and indicate the share

contributed there by those bones respectively.

The side walls of the rostrum, formed by the premaxillaries (22), rise almost vertically

from the sutures with the maxillaries (21), and terminate above in a border, which is

obtuse for the first six inches, from the end of the snout backward ; it then becomes a

sharp margin bent inward, so as partly to overlap the raid-tract (14') • The inward

inflection becomes greater, and the border is again thickened and also roughened where

Fig. .5.

Ziphius indicus, V. B. l-8th nat. size.

it arches over the part of the cavity left by the unossified part of the prefrontal (14). The

same modification characterises the type-specimen of Ziphius cavirostris (fig. 1, 22-^).

is an enlarged upper view of part of the same skull (' de la plage des Aresquiers'), as the upper view of the

entire skull given in figure 2 of pi. xxxix ; while figure 2 of plate xxxviii is a view of the upper surface of

part of Cuvier's specimen (' de la plage de Fos.'), of which a side view of the whole specimen is given in

fig. 3, pi. xxxix, of the ' Zool. et Paleont. fran9aises.'

2



10 BRITISH rOSSIL CETACEA

The prcmaxillarics then expand and diverge (22'), curving outward and upward to articu-

kite with the sides of the basal half of the short and massive nasals (15). These are

rather turned to the left. The nasal plate of the right premaxillary (22') is broader and

less vertical than that of the left ; it is, as it were, pushed somewhat outward and down-

ward. The kind and degree of this symmetry closely resemble those described and figured

by Cuvier in his type- specimen of Ziphius caviroslris}

The cavit}^ so circumscribed or bounded externally by the premaxillary plates, answers

to that marked d in figs. 4, 5 and 6, of pi. xxvii, op. cit., of Cuvier's Ziphius planirostris

;

we shall find it common to all the ZipJdi, with varying proportions [such as are exhibited

by the recent Ziphius Layardi, PI. I, fig. 2, of the present Monograph]. The maxillaries,

forming, in Ziphius indicus, the lower and lateral parts of the rostrum to within about

three inches of its free end (fig. 5, 21), gradually expand vertically and transversely as

they pass backward, bending inward below, along the palato-premaxillary and palato-

vomerine sutures, until the right meets the left maxillary at the niid-hne (fig. 7, 21), in

advance of the palatine bones (ib., 20). The suture between the maxillaries is about

5 inches long. This palatine part of the maxillary is convex transversely and smooth.

It is bounded above for the first five inches by a narrow (ecto-maxillary) groove, the upper

border of which projects, at first slightly, and then extends outward, forming behind the

groove a rough (ecto-maxillary) ridge (fig. 5, e), gaining both in transverse and vertical

extent or thickness until it reaches the middle of the naso-premaxillary plate, where it

swells into a convex tuberosity (fig. 5, (7), at the part answering to that in which the

vertical walls rise in Hyperoodon. Beyond the tuberosity the maxillary extends outward,

articulating first with the malar (20), then with the superorbital tract (]i) of the frontal,

sweeping upward, in a graceful curve, with that bone to join the base of the nasals. This

broad interorbital plate of the maxillary forms, with the similarly expanded nasal plate of

the premaxillary, a large and moderately deep semilunar cavity, perforated by the

(antorbital) canal and foramen, transmitting a branch of the second division of the

trigeminal (a). The cavity contracts and deepens forward, answering to that so marked in

the canal between the tuberosity {9) and the beginning of the premaxillary expanse, and

there opens the second canal (fig. 4, 6), continued from the antorbital one, for the chief

branch of the second division of the trigeminal, mainly answering to the suborbital or

antorbital nerve in land mammals, as in Physeter {Euphysetes) simus (" Indian Cetacea,"

'Trans. Zool. Soc.,' vol. vi, pi. xiii ; Phocana drevirosfris {ih.,ip\Ax). The ectomaxillary

ridge (fig. 5, e) is grooved along the thick margin of its basal or hinder half. A narrower

groove, commencing three inches in advance of the foramen (5, fig. 4), extends forward

along the line of the maxillo-premaxillary suture to the anterior termination of the

maxillary. The whole of the rostral part of the maxillary extends outward, beyond the

subvertical plane of the side-wall formed by the premaxillary, and in a degree augmenting

' 'Oss. Foss.,' torn, cit., pi. xxvii, fig. 3.
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as it approaches the base of the rostrum. The transverse section of the middle of the

rostrum (at the part marked 13 in fig. 7) thus gives the figure shown in outhne, by woodcut,

fig. 6, in which 14 marks the petrosal production of the ' prefrontals/ 22 the premaxil-

laries, 21 the maxillaries, and 13 the vomer. As far as can be judged from the figure

of the rostrum in Cuvier's type-specimen of Ziphius cavirostris, it would yield a very

similar form of transverse section.

On the palatal surface of the rostrum of ZipJiius indicus (fig. 7) the premaxillaries

(22) alone form the anterior 4| inches; the vomer (13) then appears at the mid-line for an

Fig. 7.

Ziphius indicus. l-8tli nat. size.

extent of 11 inches as a convex ridge, not exceeding 5 lines across at its broadest part.

The premaxillaries unite with the first six inches of the exposed tract of the vomer, the

maxillaries (21) with the succeeding five inches. About three inches behind the vomerine

tract the palatines (20) meet at the mid-line along a suture 2\ inches in extent ; then

follow the broad and deep pterygoids (24), extending downward with their lower margins
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bending outward from the line of their mid-palatal suture, which is G inches in longi-

tudinal extent. The free lower borders of the pterygoids approximate and thicken as

they pass backward, diminishing but not obliterating their interval, at the hind end of

which the thick border of the pterygoid bends abruptly outward for about three inches,

terminating in a sharp angle answering to a hamular process. The expanded fore part

of the malar (figs. 5 and 7, 2G) shows the beginning of the styliform backward

continuation. The squamosal (ib., 27) has a

prominent, flat, oval facet at the fore part of

the ' glenoid cavity,' the concave articular sur-

face of which is defined at the back part. Other

anatomical particulars not specially concerning

the subject of the present ]\Ionograph I here

omit.

An upper view of the mandible is given in

cut, fig. 8. The sex of the individual affording

the above-described skull is not known. From

the size of the alveoli indicating that the ter-

minal pair of mandibular tooth-germs were

developed, it was probably a female. In Prof.

Van Beneden's specimen the developed teeth

were but 2^ inches (0 00 5 mm.) in length,

and consisted chiefly of root, thickly coated with

cement.

From the correspondence of structure of the

upper jaw of the present Cetacean with that in

the specimens affording to Cuvier the characters

of his genus Zipldus, I refer it thereto ; the de-

Mandible of Ziphius indicus. l-8th nat. size, gree of ossification of the prefrontal or cranio-

facial cartilaginous constituent of the rostrum,

with the proportions of the rostrum, I interpret as specific, and adopt the nomen triviale

by which this existing species of Zijjhius has been designated by Prof. Van Beneden

(loo. cit.).

ZiPHius Layardi (DoLiCHODON, Gray). Plate I.

Having shown, in Ziphius indicus, a partial ossification of the cartilage continued

along the groove of the vomer from the septum narium, or coalesced prefrontals, as in

Z. cavirostris, Cuvier, I now proceed to demonstrate, in another existing species, the
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condition of that upper mid-tract of the rostrum which Cuvier made distinctive, with

other specific characters, of his ZipJiius pJanirodris and Zijjhius longirostris.

I find this character in the composition of the rostrum of the skull of an adult male of

Ziphius Layardi {Bolkliodon, Gray) liberally transmitted, like that of Z. ifidicus, for

description, to the British Museum, by the excellent naturalist, Mr. Edgar L. Layard,

P.L.S., &c., now at the Cape of Good Hope, after whom the species is named.^

In this skull (PI. I) the premaxillaries (fig. 1,22') retain, at their hind part, the sutures

connecting them with the nasals (15) and maxillaries (21'), where they bound the upper

apertures of the nostrils ; the sutures connecting them with the prefrontal (figs. 1 and 2,

14) and maxillaries are tniceable a short way along the base of the rostrum, and then

become obliterated, that with the prefrontal being the first to disappear. Upon the fore

part of the palate (ib., fig. 3) the sutures remain between the premaxillaries (22) and the

vomer (13), and between the premaxillaries and the contiguous palatine parts of the

maxillaries (21).

I may here recall the remark made in discussing the homology of the ' prefrontals,'^

viz., that the toothed Cetacea afford welcome and favorable grounds for determining the

nature of the mammalian ethmoid through the absence of the olfactory sense-capsules which

obscure the homologies of the prefrontals in the rest of their class. The ' os en ceinture,

Cuv., of Batrachians, and the similarly conspicuous rhomboid tract of the ' ethmo'ide,' Cuv.,

on the upper and middle part of the base of the rostrum in Struthious Birds, exhibit the

partially exposed condition of the prefrontals characterising certain species of Ziphius. In

this, as in other Cetacea, the prefrontals, prior to their coalescence as ' lamina perpendicu-

laris,' diverge and contribute a small share to the anterior wall of the cranium and a larger

one to the posterior walls of the nasal passages, of which their produced and coalesced

parts constitute the partition
;
they are connate posteriorly with the orbito-sphenoids, and

usually coalesce with the vomer inferiorly. I have observed the coalesced ' lamina per-

pendicularis' to be cartilaginous in a young whale's skull where the rest of the walls of

the nasal passages w^ere ossified. The forward continuation of the ' lamina perpendicularis

aethmoidei' rests upon the groove of the vomer, in a cartilaginous state, in most Cetacea,

leaving the vacancy in the dry skull along the upper medial line which suggested to

Cuvier the term ' cavirostris' for the Ziphius which he first made known to zoologists.^

In the present species {Z. Layardi) it is ossified, and, becoming superficial and conspicuous

between the premaxillary nasal processes, expands as it advances, and rises as a smooth,

1 The want of definitions of bones or sutures in the descriptions and figures by Dr. J. E. Gray, F.R.S.,

of this instructive specimen, in the ' Proceedings of the Zoological Society,' April 11, 1865, p. 358, and in

his very useful ' Catalogue of Seals and Whales in the British Museum,' 8vo, 1866, p. 354, has not enabled

me to use or reproduce them for my present purpose.

2 "On the Homologies of the Vertebrate Skeleton," 'Report of the British Association," 1846,

p. 226.

^ The section of the skull of Euphysetes simus in my paper " On Indian Cetacea," ' Zool. Trans.,' vol. vi,

pi. xiv, figs. 1, 10,14,13,
'^'^^ student of homologies in following the above remarks.
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dense, convex ridge (fig. 2, 14) an incli and a qnarter across at its broadest part, gradually

contracting to a breadth of half an inch when it has traversed one third of the length of

the rostrum. At about the terminal third of this part the outer margin of what seems

to be the suture between the prefrontal (14') and preraaxillary (22) rises and forms a free,

thin, inwardly or medially bent margin of bone, which soon appears as the upper and

outer border of a longitudinal canal, grooving the upper and medial surface of the

premaxillary, and gradually gaining vertical extent as it passes forward. The under and

inner margin of this groove is the, here, persistent medial suture or harmonia between the

prcmaxillarics, which suture becomes obliterated at about one fourth of the way backward

from the anterior end of the rostrum
;
and, thus, any definition of the boundary between

prefrontals and premaxillaries becomes impossible. The solid terminal fourth of the

rostrum, in advance of the vomer (13, fig. 3, PI, I), is formed by the welded prefrontal

and premaxillaries ; behind this both bones, together with the vomer and the rostral parts

of the maxillary (ib., 21), combine to form the dense beak-like production of the upper

jaw, at the base of which are the palatines (ib., 20) and pterygoids (24).

On the palatal surface of the rostrum (PI. I, fig. 3) the maxillo-premaxillary suture is

distinct, or linearly traceable, and the vomer (13) intervenes between the contiguous

palatal portions of the premaxillaries and maxillaries for an extent of one foot, gaining at

the middle of this extent a breadth of 8 lines, and having a smooth transversely convex

surface toward the palate. The degree in which the vomer thus appears upon the

bony palate exemplifies, with other characters, a specific difference in Zlphius as in

Belphinusy

In Phoccsna brevirostris- and Euphysetes simus^ the limits of the prefrontals and of the

vomer can be defined ; the latter, in these and other Cetacea, is a long spout-shaped

bone, its canal looking upward, and this receives, posteriorly, the anterior coalesced parts

of the prefrontals, and, in advance thereof, the cartilage continued therefrom forward.

This cartilaginous prolongation of the ' septum narium,' formed by the coalesced portions

of the prefrontals, is ossified in the fossil kinds of Zlphius to be described, and projects

conspicuously between the premaxillaries at the upper surface of the rostrum, as it does

in Z. Layardi.

In this species the ectomaxillary groove (PI. I, fig. 1, </•) commences posteriorly

between the antorbital plate of the maxillary (21') and the pterygoid (24')> and is continued

forward, diminishing in breadth and depth, upon the upper and outer border of the

maxillary to the fore end of the rostrum, or of so much as remains in the present specimen,

the extreme tip having been broken off. The lower boundary of the beginning of the

ectomaxillary groove formed by the pterygoid and maxillary extends outward as a thick

' Compare, e.g., the skull of De/pA/nws (Stem) Gadamur with that of D. {Steno) frontatus ; or

the skull of Delphinus {Lagenorhynchus) fusiformis with that of B. {Lagenorhynchus) Pomegra.

2 Owen, "On Indian Cetacea," 'Trans. Zool. Soc.,' vol. vi, pi. ix.

2 Ibid., pi. xiii.
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convex buttress (e), some way beyond the upper boundary, subsiding, as it advances, at

about the basal fourth of the rostrum. At about the middle of the rostrum the lower

border of the ectomaxillary groove again projects, but as a sharp, somewhat jagged ridge;

at the anterior third of the rostrum the upper part of the groove similarly projects, the

lower one having subsided ; such ridge or ridges I indicate as ' ectomaxillary,' but they

evidently represent anteriorly the alveolar groove of toothed Delphinidce. The interorbital

plate of the maxillary is perforated by the two large apertures («, h) for the transmission of

nerves and vessels, answering to those marked « and ^ in PI. IX {Phoccena brevirostris)

,

PI. XIII {Euphjsetes sivius) of my Memoir, above cited, on Indian Cetacea, homologous

with the suborbital or antorbital division of the fifth nerve in land mammals. The fore

part of the nasal processes of the premaxillary are also perforated by a smaller canal,

whence a groove is continued some way forward along with the suture between the nasal

plate of the premaxillary and the medial (prefrontal) part.

The outlets of the bony nostrils (PI. I, fig. 2, /, r) are slightly twisted from behind

forward and to the right, the right outlet (?•) being the widest ; the intervening septum

shows a corresponding departure from symmetry. The posterior part of the premaxillaries

(ib., fig. 2, 22) diverge, expand, and rise to define the cavity around the nostrils, or 'prenasal

fossa,' as in all Z'qjJiii.

The pterygoid is a broad, vertically extended, triangular plate of bone, widely and

rather deeply excavated in the major part of its extent (fig. 1, 24'), the non-excavated

anterior apex (2 4) being wedged between the maxillary and palatine at the lower and outer part

of the base of the rostrum. The inferior thin border of the excavated part is slightly everted,

and is applied to the corresponding part of the opposite pterygoid, leaving a deep fissure

intervening and contracting posteriorly (ib., fig. 3, 24'')- The breadth and depth of this

' interpterygoid fissure' varies in the species of ZipJdus} The conchoidal part of the

petrotympanic is bilobed posteriorly, but less deeply indented than in Belphinus ; it is

rather widely open or unfolded anteriorly, with a thin, compact, involuted wall ; the petrosal

part articulates by a posterior process to the mastoid.

Being unable to draw the line of generic distinction at any of the gradations of length

and slenderness of snout occupying, in this respect, the interval between ZipJdus indicus,

figs. 4—7, and Zipldus Layardi, PI. I, and meeting the same difficulty in the degrees in

which the prefrontal cartilage of the rostrum becomes ossified, I hold by the well-defined

characters of the Cuvierian genus ; and, premising the above definitions of recognisable

parts of the Ziphial rostrum, I proceed to apply them to the specific definition of the

petrified snouts from the 'Red Crag.'

1 It is wide, e. g. in Ziphius patachonicus, pi. xvii, fig. 2, h h, of Burmeister, ' Anales del Museo publico

de Buenos Ayres,' 4to, 1868.
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Gc7ius—ZiPHius, Cuvier}

Species—ZiPiiius planus, Owen. Plate II, fig. 1.

This species is represented by the basal part (probably third) of the rostrum, including

the fore part of the right (r) and left (/) prenasal channels or fossae, leading from the

nostrils to the ' premaxillary' grooves or canals {d,d). These concavities present the

same unsymmetrical twist as in Ziphius Layardi (PI. I, fig. 2, r and /), Z. plani-

rostris (fig. 2, 22', 22'), and Z. Cuvieri (fig. 3). The disproportionate breadth of the

right prenarial channel (PI. II, fig. 1, 22', r) is greater in the fossil. The correspondingly

bent prefrontal septum (14, u) is relatively thicker than in Z. Layardi, and is more

directly continued into the mid-tract (14'), which is flatter above, than in the recent

species, resembling in that respect Ziphiiis Cuvieri (fig. 3j. The premaxillary grooves

{d, d) continued forward from the fore ends of the prenasal fossse (r, l) show, at their

commencement, the orifice of a small canal, as in Ziphius Layardi, leading into the

osseous substance of the rostrum. The prenasal grooves soon subside. The interme-

diate prefrontal tract is continued on flattened above, not convex, as in Z. Layardi, but

the generic resemblance is well marked. The posterior part of the maxillaries include the

large anterior nervo-vascular (antorbital) foramen [b), and show the posterior beginning of

the ectomaxillary groove {g, g), the upper border of which is developed to form the ecto-

maxillary ridge (e, e) ; this speedily subsides. The superiorly flattened mid-tract (14', 14')

slightly expands toward the fractured fore end of the rostrum, where its lateral boundaries

sink into wide and shallow longitudinal channels. The worn surface of the under part of

this rostral fragment yields no satisfactory character.

The upper surface of the fossil is represented of the natural size (PI. II, fig. 1), and

indicates a species of Ziphius larger than the Z. Layardi. The vertical diameter of the

rostrum, at i, is 4 inches.

The specimen was found in the Red Crag at Shotley, Sufl"olk, and had been spht,

lengthwise and vertically, by a workman, the fissure extending from the right prenasal

fossa to the middle of the mid-tract (14', 14').

' Synonyms :

—

Epiodon, Biodon, Ileterodon, Dioplodon, Alainin, DelphinorhT/nchus, Petrorhtjnchvs,

Dolicfiodon, Micropterus and Micropteron, Mesoplodon, Mesodiodon, Ziphiopsis, Placoziphius, Aporotus,

Ziphirostrum, Rhinostodes, Berardius, Ilop/ocetus, Eucetus, Ziphiorhynchus, Choenodelphinus, Choenocetus,

Belemnoziphius, &c. (the mob is included in the family Rhynchoceti, Eschricht).
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It is completely petrified, and yields on percussion the clear metallic ringing sound

characteristic of the Cetacean fossils from this formation ; but it is less deeply stained by

ferrugineous salts than is commonly seen in the fossil snouts from other SufiPolk Red
Crag localities.

Species—Ziphius gibbus, Owen. Plate II, fig. 2 ; and Plate III, fig. 3.

Amongst the fossil, as in existing, Ziphii are some species with an excessive develop-

ment of the 'mid-tract' in the upper surface of the rostrum.

I propose the specific term ' pibbus' for one of the ' Red Crag' snouts, because the

mid-tract is not only convex transversely (PI. II, fig. 2, 14', 14'), but rises by a more

defined and elevated longitudinal convexity (PI. Ill, fig. 3, i4') than in the other fossil

species.

In the specimen exempHfying this character—the subject of the figures cited—a smaller

portion of the fore pai't of the prenasal fossae (PI. II, fig. 2, 22') is included than in Z'qjUus

planus. Sufficient of the fore part of the ' septum narium' (ib., fig. 2, 14) is preserved to indi-

cate an unsymmetrical twist to the left, and also to demonstrate that such part of the bony

septum is absolutely thicker than in the larger existing species, Ziphius Layardi, and that

it is thinner both absolutely and relatively than in Ziphius angustus (PL III, fig. 2). It

expands, in Ziphius gibbus, immediately beyond the nostrils, and rapidly, into the ' mid-

tract '
(14'), which gains, with some excess on the right side, a breadth of one inch at twice

that distance from the nostrils, then gradually narrows to three fourths of an inch, and

again expands both transversely and vertically to the extent shown in the figures cited.

The subsidence, longitudinally, to the fractured fore part of this rostrum is more rapid

than the rise, and that, as it appears, without any mechanical influence of posthumous

abrasion (PI. Ill, fig. 3). The proportion of the upper surface of the rostrum contri-

buted by the narrower part of the mid-tract (14'), at the point marked by the star in fig. 3,

is shown in the outline of the circumference at that part (drawn with the upper part

downward) in PI. Ill, 14' ; the much larger proportion which, through its own expansion

and the subsidence of the side tracts of the premaxillaries (22), the mid-tract (14') forms at

the part of the rostrum marked by the star in PI. II, fig. 2, is indicated at 14', 14' in

the superadded outline of the transverse section at that part of the rostrum.

The nasal processes of the premaxillaries (22', 22', fig. 2, PI. II) are perforated, each

by an orifice {d) relatively wider than in Ziphius Layardi (PI. I, fig. 2, rf) ; and no

groove is continued forward from the ' foramen naso-premaxillare' {d) in Ziphius gibbus,

as is the case in Ziphius planus and Ziphius Layardi.

The commencement of the interorbital expanse of the maxillary (21, fig. 2, PI. II) in

3
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Ziphius gihhus shows the nervo-vascular foramen (5, h) on nearly the same transverse line

as d, d; the downward and backward direction of the canal leading therefrom to the

common entorbital foramen^ is shown at d, fig. 3, PI. III.

The pterygoid alae (PI. Ill, fig. 3, 24) would seem to be directly applied to the under

part of these maxillary expansions, and not to be separated therefrom by the fissure seen

in Ziphius Layardi (PI. I, fig. 1, between 21' and 24') ; but on this point the abraded

condition of the hinder end of the rostrum makes it unsafe to insist. It appears certain

that the representative of the ectomaxillary ridge (PI. II, fig. 2, 21. ..e, and PI. Ill,

fig. 3, e, eg) is much thinner vertically than in Ziphius Layardi^ and more rapidly sub-

sides as it advances forward upon the side of the base of the rostrum. A narrow ecto-

maxillary groove (PI. Ill, fig. 3, eg) is continued forward from the point of subsidence

to the broken end of the snout, gradually sinking toward the lower part of the snout, as

in Ziphius Layardi. No sutural evidence of the proportions of the maxillary and preraax-

illary bones remains upon the sides of the rostrum under description. Neither, though

there be an indication of the structure, can it be certainly affirmed that the veritable

vomer contributes any proportion of the smooth, transversely convex under surface of the

rostrum, the curves of which, in transverse section, are indicated in the outlines taken at

the two points marked in Pis. II and III.

A medial linear suture marks the meeting of the palatal plates of the maxillaries,

anterior to the palatine bones, as in Ziphius Layardi (PI. I, fig. 3, 20), and this line can

be traced inclining to the right side, as in the right vomero-maxillary suture in Z. Layardi,

but the left one is obliterated, if it existed, in Ziphius gihhus. The medial plates of the

pterygoids have met and been in contact for a greater extent in Ziphius gihhus than in

Ziphius Layardi, descending to form a deep median angular ridge, to the fore part of

which the palatines seem to have contributed some share. But here, again, the

state of abrasion affects the utility of further attempts to specify structural characters.

Sufficient, however, of the present rostrum has defied the effects of long ages of surf-

movements, through the degree of petrifaction undergone before dislodgment from its

original burial-bed, to justify the specific distinction attempted to be pointed out, and, at

all events, to afford means of comparison which may lead to a reference of other specimens

of Crag-whale-snouts to the Ziphius gihhus.

1 Shown at d, fig. 2, pi. 13, ' Indian Cetacea,' loc. cit., in Euphysetes simus.
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Species—Ziphius angustus.

ZiPHiDs ANGUSTUS, Owen. Plate III, figs. 1 and 2.

The snout on which a species of Ziphius is indicated by the above name exhibits a

development transversely and vertically of the prefrontal mid-tract (14', 14') similar to that

in the foregoing species, but it is not identical; the convex mid-tract is relatively narrower,

as is the rostrum itself, in ZipJdtis angustus, and the narrower part of the tract, after its

slight hinder expansion, is of greater longitudinal extent before its second or anterior

expansion. The whole rostrum is more slender, as is indicated by the contour of the

transverse section given in PI. Ill, at the part marked with the star in figs. 1 and 2,

which corresponds with the part of the rostrum similarly marked in ZipJiius gibhm (ib.,

fig. 3). Moreover, the ectolateral maxillary ridge (ib., fig. I, e, e') is longer, extending

further forward upon the side of the rostrum, and subsiding more gradually.

The premaxillary foramina {d, d, fig. 2) are as large as in ZipMus gihhus. Only

the inner walls of the maxillary foramina (6, 6, 2 1 ,
fig. 2) remain

;
they show them to be

on the same transverse line as d, d, but to be nearer thereto, indicative of a continuance of

the slender character of the snout to this commencement of the maxillary platform. The

ectomaxillary groove (ib., fig. 1, eg) is narrow, and extends forward, descending, as in

Ziphius gibhus ; but its lower border begins to swell outward (e', 21, fig. 1) as it gets toward

the fore end of the present fragment, as in Ziphius Layardi, indicating that one half or

more of the rostrum may be wanting in the present specimen. The sides of the pterygo-

palatine ridge are slightly concave in Ziphius angustus, at the part where they show a

moderate convexity in Ziphius gihhus, and it is improbable that this difierence can have

been caused by posthumous abrasion.

The specimen described is figured of the natural size in the two views given in

PI. Ill, figs. 1 and 2.

The density of the bony texture of the fractured fore part of the snout closely accords

with that of the same part in the recent Ziphius Layardi, and suggests an application, by

the living animal, of the snout analogous to that of the similar rapier- like rostral weapon in

the Sword-fish [Histiophorus^.
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Species— Ziphius angulatus.

ZiPHius ANGULATUS, Oweu. Plate IV, figs. 1 and 2.

In this well-marked species the prefrontal mid-tract rises in an angular roof-like

manner, the sides of the upper surface of the rostrum so formed sloping from a median

ridge at the angle shown in cut, fig. 9, and in the section below fig. 1 in PI. IV. In this

specimen the maxillo-premaxillary suture (« in fig. 1) is traceable at the expanded basal part of

the rostrum, showing the proximity thereto of the (antor-

bital) nervo-vascular canal (b) in the beginning of the

expanded part of the maxillary bone. The premaxillary

foramen {d) is midway between that suture and the

prefronto-preraaxillary sutm-e ; this foramen is smaller

than in the two preceding fossil species, and in the

same degree approaches to the character afibrded by

the foramina (rf, PI. I, fig. 2) in the recent Ziphius

Layardi. The septum narium (14) rapidly expands,

anterior to the nostrils, to the breadth of the mid-tract

shown in fig. 1, at two inches in advance of the nostrils.

From this part the mid-tract advances, maintaining the

same breadth to the middle of the rostrum, and thence

gradually contracts, with subsidence of the roof, to the

broken anterior end. The right premaxillary shows a

superficial groove {v, v) about four inches long, near

Section of rostrum, margin of the Hiid-tract, due to a branch of

the main canal (rf). The corresponding canal, exposed by the fractm-e at in the left

premaxillary, ran deeper, and its superficial branch emerged later or further forward

upon the surface. The ectomaxillary ridge of the snout (fig. 2, e), commencing at the

outer and lower wall of the canal (J), extends forward, gradually subsiding, but not to

efi'acement, in the presented extent of the present rostrum, at least on the right side ; on

the left side it is interrupted at its middle part by the emergence of a branch canal

from h, forming an open narrow groove for two or three inches, beyond which the ridge,

though lower, is resumed.

The sides of the pterygo-palatine keel-like ridge (fig. 2, 24) is almost flat ; anterior to this

the lower and lateral parts of the snout show two successive slight swellings, as at y and z.
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fig. 2; and the lower or palatal contour rises toward the upper line of the snout, and this in a

way that seems not to be due to friction. The post-palatal ridge, due to the confluence

of the medial plates of the pterygoids (fig. 2, 24'), forms a deep and sharp carina. In

advance of this the vomer appears upon the palate, forming the keel of the ridge there ; the

composition of the rostrum at this part is shown in fig. 9, where I4 is prefrontal, 13

vomer, 21 maxillary, 22 premaxillary.
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Species—Zirnius medilineatus.

Zii'iiius MEDILINEATUS, Owen. Plate IV, fig. 3.

In the by no means easy task of choosing a name from specific characters shown by

this class of fossils, I have been led to the one above given by the extent to which such

mid-line, indicative of a bipartition of the mid-

tract (14', 14'), extends along that tract in the

present specimen. It is present in a feebler

degree and for a less extent in another specimen,

afterwards to be described, which may indicate a

variety of the present species, but such character

of the mid-tract of this species is not the only

one by which it differs from the foregoing Ziphii.

With reference to the character of the largest

and first-described specimen, suggesting for it

the name planus, it might be objected that a

convexity of the mid-tract, as shown in Z. gibbus,

had been worn down by posthumous abrasion.

So, likewise, it may be said of the present

species, that the persistence of the median line

^ . , ^. , . , ,. is due to the nonage of the individual. But,
Section of rostrum, Zi^AiM* merfj/enea^tt*. "

if so, it coexists with a flatness of the part of the

prefrontal mid-tract along which it extends that cannot be the result of abrasion, for the

sides of the longitudinal fissure are convex ; and yet the degree of convexity is so slight

on each side of the fissure that the mid-tract gives as flattened a character of the upper

posterior part of the snout as in Ziphius planus. I conclude, therefore, that the difference

in the character of the mid-tract between the present species and Ziphius angustus, Z.

angulatus, Z. gibbus, to be due to an original and inherent structural specific character of

the skull in Ziphius medilineatus. From Ziphius planus it difiers not only in size, but in

the greater degree of transverse convexity of the upper part of the snout between the fore

parts of the ectolateral ridges e, e (as, e.g., at the place, *, of the section figured below fig. 3,

PI. IV), and in the greater relative longitudinal extent of those ridges ; there is not, besides,

any trace in Z.planus of the median linear groove characteristic of the prefrontal tract (i4', 14',

fig. 3) in the present species. The short oblique irregular fissure on the outside of 14, in

fig. 3, simulates a suture defining the prefrontal from the mid-tract, as the mid-line along that
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tract simulates a sutural division of the tract itself; but the one is due to fracture, aud the

other to a linear groove, which groove gradually becomes shallower, and is obliterated at six

and a half inches from the internarial part of the prefrontal. The linear grooves (22, 22,

fig. 3) dividing the mid-tract from the lateral parts of the premaxillaries disappear about

the same part of the snout with such mid-groove. The ectomaxillary ridge (e, e) rather sud-

denly decreases about three inches from its basal beginning, but is continued forward four

inches before it finally subsides ; a narrow groove extends forward in the same direction to

the fractured fore end of the snout. The median fissure between the descending pterygoid

plates is conspicuous in the present species
;
they seem not to have coalesced so completely

as in the palatal carina so formed in previous species. An inferior median ' vomerine'

tract is indicated by pai-allel longitudinal grooves along the anterior two inches of the

palatal surface of the present specimen. The constituents of the rostrum at this part are

marked in fig. 10 by the same numerals as in fig. 9.
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Species—Ziphius tenuirostrts, Owen. Plate V, figs. 1 and 2.

The first, or basal, five inches of the prefrontal mid-tract in this specimen is more

convex than in Ziphius planus or Z. mcdiUneatus, but is less convex than in Z. yibhus or

Z. angustiis} Beyond that point (*, fig. 1) the mid-tract rises with a well-marked trans-

versely convex surface, and with a slight longitudinal convexity, after which it is con-

tinued straight to the fractured fore end of the snout, preserving its transverse breadth and

convexity, as well as the lateral linear grooves or sutural indications of distinction from

the side-plates of the premaxillaries ('22). These plates descend from those sutures almost

vertically, with a slight outward expansion, to join or coalesce with the maxillaries (21)

in the extent of the snout preserved anterior to the ectomaxillary ridges. These ridges

(PI. V, figs. 1 and 2, e, e), when in advance of the intraorbital expansion of the maxil-

laries, are continued forward for ten inches before final subsidence, the decrease of breadth

being very gradual. At about eight inches from their origin the nervo-vascular canal, of

which the ridge e at first forms the outer wall, emerges, the ridge itself being then continued

onward as the lower border of that canal. The high position of the basal half of the ridges

makes them seem to terminate laterally the upper surface of that part of the rostrum, the

transverse contour of which upper surface is sinuous, moderately convex at the middle, and

concave on each side, as shown in the section at 14', 14', and e, e', PI. V, but in a minor

degree than at the more basal parts of the rostrum. The side of the rostrum below the

ectomaxillary ridges swells into a longitudinal convex tract
( m, fig. 1, PI. V). The

vomer, emerging upon the palate, about half way from the inner end, of the present specimen

(fig. 1, 13) contributes about half an inch of its transverse extent to the fractured fore part,

indicating, according to the analogy of Ziphius Layardi (PI. I, fig. 3) that this long and

slender form of snout must have extended about six inches beyond the fractured fore part

of the specimen above described.

1 Compare the section at the point *, in fig. 1, PI. V, in regard to the convexity of \rith that

part in the section below fig. 3, PI. IV, or the sections given in PI. III.
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Species—Ziphius compuessus, Oicen. Plate V, fig. 3.

The differential character of the present species is shown by the predominance of the

dimension of depth over that of breadth at every part of the extent of the specimen

figured. The prefrontal mid-tract (i4', 14') is, transversely convex from its beginning, the

convexity increasing as it advances
;
and, from the low position of the ectomaxillary

ridges (e, e) and the steep slope thereto of the premaxillaries (22), the mid-tract seems, of

itself, to constitute the upper surface of the rostrum, almost in the degree shown at the

part *, fig. 3, the transverse section of which is given below that figure. The upper part

of the mid-tract is impressed by a median linear groove, filled up about four and a half

inches from the base of this rostral fragment. But the difference in form and proportion

from Ziphius medilineafus is strongly marked, and is exemplified in the section outlined

in the two species iu Pis. IV and V.

On both sides of the rostrum of ^////^m rowyjrmws the nervo-vascular canal continuous

with the ectomaxillary ridge (PI. V, fig. 3, e) is exposed, its more prominent lower

border representing the continuation of the ridge. The surfaces below the ridges con-

verging to the pterygoid carina are almost flat. The figure between the pterygoid plates

is unobliterated, though narrow. The palatal surface is transversely convex in advance

of the carina, expanding to the breadth shown at the part whence the section is taken

below (fig. 3). In this ]-espect Ziphius compressus markedly difFeis from Z. medilineatus

and Z. angulatas. The proportion contributed by the vomer to the palatal surface is

much the same as m Ziphius ienuirostris ; the disposition and proportions of the other

constituents of the rostrum, here, are similar to those denoted by the usual numeral

symbols in the woodcut, fig. 6. The upper and fore part of the present specimen of

Ziphius compressus has been subject to an abrading action, which seems to have shaved

off, obliquely downward and forward, a deep line from that surface : the sloping contour

(l4', 22') shown in fig. 3, PI. V, is due to that accident.

Remarks on Recent and Possil Ziphioid Cetacea.

DoLiCHODON, Grai/.—According to the practice— principle I have in vain endeavoured

to discover—whereby genera have been founded on, or generic names given to, recent and

fossil Ziphioid Cetaceans^ as many genera as species might have been made out of the fossil

snouts selected from the fruits of many years' gathering and observation of such, in order

to exemplify what, on the assumption of transmissibility of such characters, I take to be

specific departures from a primitive ziphioid type.

4
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'I'lic claims of ZipJiiiis Layardi, for example, to the generic distinction conferred on it,

under the name Dolichodon, appear to rest on modifications of the mandibnlar pair of

teeth, which are described as " very long, produced, arched, and truncated, with a conical

process in front."
*

I have figured the obtusely rounded extremity of the left of these teeth of the natural

size, in PI. I, fig. 5. The first calcified part of the tooth-pulp, which still retains a thin

coat of enamel, must have appeared as the ' germ ' of the tooth in the young Ziphius,

and Avas probably one of a series in the alveolar groove. Its formation in the present tooth

has been followed by a rapid growth of matrix in the antero-posterior direction, which

became calcified without enamel, and was progressively added to from below until, finally,

a tooth of 1 foot in length, \\ inch to 2 inches in fore-and-aft breadth, and from 3 lines

to 6 lines in thickness, was completed, and most probably, as a sexual character. In the

present specimen about three inches of the base of the tooth is obliquely inserted into a

cleft of the alveolar border of the mandible (c, c, fig. 4, PI. I) ; the base of the tooth

terminates in a solid jagged border, showing exhaustion of the pulp and cessation of

further growth, but abrasion of the fore part of the base of the exposed crown of the

tooth has exposed a shallow remnant of the pulp-cavity. This abrasion seems due, as

Dr. Gray observes, to "friction of the upper jaw."^ The dense rostrum rested in part

thereon when the mouth is closed, and the teeth curved backward and inward so as to

embrace the rostrum, as shown in Mr. Trimen's drawing, ^ reproduced by Dr. Gray in his

' Catalogue ' above cited.

Many teeth of Cetacea from the Red Crag have reached me slioAving abrasion of

the dentinal part or body of the tooth below an apical or coronal part, on which a thin

layer of enamel is traceable. The analogy of the structure of the mandibular teeth of

Ziphius Layardi supports a reference of such Crag fossils to the same genus, and I

have observed nothing in the anterior laniariform teeth of Zeuglodon (or Sqitalodon) to

affect such view.

It is probable that the mandibular teeth, developed as in Zipldiis Layardi, are peculiar

to the male, but the proof is wanting. It is more probable that they exhibit an abnormal

direction and state of growth in the specimen figured in PI. I. In any case I cannot regard

such modifications of form or size of the pair of laniariform mandibular teeth, character-

istic of Ziphius, Cuv., as grounds for further splitting up this well-marked and intelligibly

defined genus.

Petkorhyncuus, Gray.—It will be seen that I have availed myself of the various degrees

1 Gray, ' Catalogue of Seals and Wliales in the British Museum,' 8vo, 18GG, p. 3.")3.

- lb., p. 3.55. Dr. Gray's expression, "The edges of the front lower teeth are absorbed or worn

away," &c., would leave tlie inference that there were otber teeth behind, which is not the case; he doubt-

less meant to say " the front edge of the lower teeth," but it is a small part only of that edge which is so

affected.

3 'I'roc. Zool. Soc.,' April 11, 18G,">, p. 358, fig. e.
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and forms in which the cartilage continued forward from the prefrontal ' septum narium,' and

resting upon the groove of the spout-shaped vomer, has been ossified in our Red Crag ZqMi,

to indicate their ' specific ' distinction. Dr. Gray uses this character in the case of

Ziphiiis indicus, in which the cartilage called by its definer, Van Beneden, "cartilage vome-

rienne " is ossified, and in the nearly allied, if not identical, species, showing, also, ossifica-

tion with superior convexity of the ' mid-tract' (figs. 4, 5, 14'), to support the imposition

of the generic name ' Petror/iyncJius' I am disinclined, however, to refer my ZipJiius gihhus,

with the like modification of Van Beneden's 'cartilage vomerienne,' to that nominal

genus.
^

Having given careful and impartial consideration to the characters which have been

proposed, or allowed to be inferred, as those of generic value in other instances, I crave

leave to continue, in reference thereto, to submit the reasons for a different estimate of

such characters.

Epiodon, Bafinesque [Schmaltz).—One of the characters assigned to this genus by its

founder appears to have been due either to anomaly or to accidental mutilation of the in-

dividual :
—

" Sous-famille. Point de nageoire dorsale. G. 1, Catodon, Lac. 2, Notaphrum,

R. do., sp. 3, Epiodon, R.," &c." The dorsal fin is characteristically small in ZipMus, but

is never, normally, wanting. Rafinesque's genus has been subsequently accepted with

rectification of the fin-character, and the addition of a dental one,^ founded on the position

of the characteristic mandibular pair of teeth, viz. 'in front of the lower jaw,' or near the

anterior end of the symphysis, and on some modification of the shape of those teeth,

^ "In Ziphius ossification extends along the cartilaginous continuation of the prefrontals forward to

near the end of the premaxillaries."— " Report on the Archetype and Homologies of the Vertebrate

Skeleton," 'Report of British Association,' 8vo, 1846, p. 226. I have been gratified by seeing, at length,

this homology recognised, and trust we shall hear no more of the vomer appearing upon, or occupying

any part of, the upper face of the cetacean rostrum. " Les fosses nasales ctant refoulees a la base du

crane, les maxillaires avec les intermaxillaires et le vomer forment une masse compacte de trois os emboites,

au centre desquels ou trouve ordiaairement la partie cartilagineuse de I'Bethmoide qui termine en avant la

colonne vertebrale." " Rarement ce cartilage est ossifie : nous n'en connaissons des exemples que dans les

ziphioides."—Van Beneden and Gervais, ' Osteographie des Cetaces, vivants et fossiles,' 4to (texte), fol.

(planches), p. 4 : no date ; but the first Part, with pis. i, ii, xxi, xxiii, was received by me Nov. 2, 1868.

2 'Analyse de la Nature,' &c., r2mo, Palerme, 1815, p. GO.

3 Gray, 'Catalogue of Seals and Whales,' 8vo, 1866, p. 340. The Author quotes "Rafinesque, Precis

Soraiol. 13, 1814 (no character)," op. cit., p. 341 ; but the latter remark would apply more truly to the

genus Kugia proposed in the 'Zoology of the Erebus and Terror,' "Cetacea," 4to, 1846, p. 22; with the

additional remark by Rafinesque, " les noms trop barbares doivent etre modifies," ' Principes fondamen-

taux de Somiologie,' &c., 8vo, 1814, 'Regies Gene'riques,' No. 41, p. 30. It may not be out of place

to quote the following from the same judicious Naturalist of Palermo :
—" II estabsurde d'indiquer ou etablir

un Genre, sans lui assigner des caracteres, puisque ces caract^res en sont les bases generiques et que sans

difl"erences characteristiques il ne pourrait exister reellement ; on doit en consequence les exprimer par une

definition, toutes es fois que Ton indique un Genre nouveau, sans quoi autant vaudrait ne pas tantaliser la

curiosite en mentionnant son vain nom."—Op. cit., p. 19. I have that confidence in the common-sense and
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respecting which I may first remark that each of such teeth is lodged in an elongate

fissure at the fore part of the alveolar border, as in Ziphius Layardi. The mid-cartilage,

supported by the vomer and continued from the prefrontal septum, does not become ossified,

and consequently the bony rostrum appears to be excavated above. This character is

signified, according to its true value, by the specific term cavirostris, appUed by Cuvier

to a form or species of Ziphius still represented in European seas. Nor does the dental

modification appear to me in any measure to justify generic distinction. To the trouble

of cetologists, however, the Ziphius cavirosfris of Cuvier has to sustain, not only the

generic term Epiodon, put upon it by Rafinesquc, but also those of llderodon (by Lesson),

of Dioplodon (by Gervais), of Alainia (by Gray), &c.

DELPHiNORnYNCHUs, De Blainville}—Tiiis name was imposed upon a Cetacean,

15 feet in length, stranded at Havre, September, 1825, having a rostriform termination

of the upper jaw, Avithout conspicuous teeth, and with one pair of teeth at the synijjhy.

sial part of the lower jaw. The rostrum was composed of vomer, maxillaries, and pre-

maxillaries, the latter apart at their upper margins, and enclosing a cartilaginous

prolongation of the prefrontal, resting upon a canaliculate vomer; the basal parts of

the premaxillaries, diverging and expanding posteriorly, rose to define and include a

prenasal fossa, bisected by an ossified prefrontal septum, and at the back part of which

the nostrils opened. Palatines and pterygoids contributed to form the under part of the

base of the rostrum."

All the characters of Ziphius (Cuvier, 1823), with the main specific modifications of

the cavirostral species, are here manilested. The real gain to zoology was the opportunity

of defining the external characters of the entire recent representative of the genus which

the Eounder of Palaeontology believed to have become extinct. This specimen was

unfortunately applied to multiply useless names and divert from the completion of a

knowledge of a most interesting generic form, ably and sagaciously indicated by Cuvier

;

it will again be referred to in reference to the claims for acceptance of the genus

Mesodiodon.

good judgment of my ftllow countrymen and labourers in philosophical zoology which leads me to antici-

pate a tacit burial and oblivion of the barbarous and undefined generic names with which the fair edifice

begun by Linnaeus has been defaced.

1 'Bulletin de la Socit'te Philomatliique,' torn, iv (182.)), p. 139.

- F. Cuvier, ' Hist, des Cetaccs,' 8vo, p. 11 G, pis. vii and viii, fig. I.



Skull of Ziphius (Berardius) Amouxii, Dut.
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This genus was founded by Duvernoy^ on the head or skull of a Zlph'ms brought

from the ' niers de la Nouvelle Zelande ' by M. Arnoux, chirurgien-nuijor of the corvette

Le Jiliin, commanded by Capt. Berard, and presented by him to the Museum of Natural

History in the Garden of Plants in 1846. The animal is stated to have been stranded

at Port Akaroa, Banks' Peninsula, New Zealand. It was about 32 feet in length,

and the skull (fig. 11) measured 4 feet. The cranium is rather more symmetrical

than usual, and show^s, as in Ziphius indicus, a beginning of the vertical productions

of the maxillaries (e) which distinguish, by their full development, the genus

Ilyperoodon.

The premaxillarics (22, 22') are divided along the upper part of the rostrum by a

channel (originally occupied by the unossified basis of the prefrontals), exposing

the upper groove of the vomer, and giving to the transverse section of the

rostrum a deep upper eraargination (" la forme demi-cyhndrique,'' Duvernoy, ib.,

p. 53).

The prenasal fossa) (fig. 11, 22') contract forward to the entry of the incisive or naso-

premaxillary canals (^), as in Ziphius plajiirostris, Cuv. (fig. 2, rf, d, p. 5). In the non-

ossification of the prefrontal cartilage, Ziphius Arnouxii participates with Z. Gervaisii, Z.

micropterus, and Z. patachonichus. The anterior (c) of the three outlets («, b, c) of the

sub-orbital or antorbital canal opens into a better defined depression of the maxillary (at

c, fig. 11) than usual, but this cannot be interpreted as generic. The ecto-maxillary

ridges (e) have a rugous exterior,- as in Ziphius Cuvieri (fig. 3, p. 6). The vomer ' puts in

an appearance ' at the under surface of the rostrum, between the maxillaries and pre-

maxillarics, for an extent of about 1 foot 3 inches. Herein Z. Jmouwii resembles

Z. Layardi, but combines the character with a non-ossification of the prefrontal rostral

cartilage. The mid-pterygoid keel shows a fiissure due to non-confluence of the descending

plates. In all these characters we have specific modifications of an essentially generic

ziphial type. The value of the mandibular dental character will be discussed in connection

wdth the next nominal genus.

^Iesodiodon, Duvernoy.—The chief character of this genus is the position of the

developed pair of mandibular teeth (figs. 12 and 13).'^ On this character I would remark

that more than one pair of teeth or of gingival tooth-germs are formed in the alveolar

1 'Annales des Sciences Nat.,' 3e s^rie, "Zoologie," torn, xv, pi. i.

2 Are these the parts defined as intermaxillaries, rather swollen on side of blowers,'" in Gray, 'Catal.

of Seals and Whales,' 8vo, 18Gf), p. 327 ?

3 " III. Le genre Mesodiodon, nob., caracterise par I'existence de deux dents d^veloppes et alveo-

laires a la machoire infcrieure, qui sont implantees bien en arri6re de celles du genre precedent, a peu pres

nu commencement du second tiers de la longueur de chaque branche raandibulaire. Ce genre, distingue

d'aillcurs par d'autres caractures importants, se compose de quatre especes, dont trois vivantes et une

fossile."—Duvernoy, loc. cit., p. -11.
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groove of the immature Zijjliii in both upper and lower jaws. But of these rudimental

teeth the mandibular alveolar pair, calcified and developed, in sexual or other relations, is

not the same in every species. Then arises the question, Is the difierence of place—in

one a little further forward (figs. 8 and 11), in another a little further backward (fig. 12,

and PI. I, fig. 4)—significant of those general or wider modifications of structure

which alone justify, alone make usefully applicable, a generic section of mammals

with its distinctive appellation? As a physiologist, or guided by common-sense, I

cannot admit such interpretation of value of an almost functionally insignificant character,

yielded by parts also which are the seat of such great and singular variability in the

Cetaceous order.

Sometimes two pairs of this series of rudimental mandibular teeth are developed, as

in Hyperoodo7}, Lacep. In Hunter's specimen (from 30 to 40 feet long, No. 2479,

Mus. Coll. Chir.), as in that figured in my ' Odontography,' pi. Ixxxviii, fig. 1, i, 2,

the two teeth in each ramus are approximate, and the anterior one is much the

smallest; in Lacepede's specimen (a male, 22 feet long) they are further apart, the

foremost answering to the second more developed tooth in No. 2480, Mus. Coll.

Chir.

In the Ziphius from New Zealand (fig. 11) two teeth are developed in the same

position in each ramus as in Hi/peroodon Butzkopf, Lacep. (//. Baicssardi, E. Cuv.).

Thereupon is proposed the genus Berardius. Duvernoy remarks—" II a, entre autres,

pour caractere quatre fortes dents triangulaires comprimees a I'extremite de la machoire

inferieure " (loc. cit., p. 41). But the term 'a I'extremite ' would apply more accurately

to Hunter's Ziphioid than to Arnoux's.

As to the inadequacy of this dental character of two pairs attaining calcification and a

certain degree of growth, the same remark applies as to the generic importance of the

accident—for it can hai'dly be called otherwise—whether the fore or the hind pair of

such teeth rest rudimentary.

Of any other generic characters (' entre autres') of his Berardius Duvernoy is

silent.

Assuming the minor degree of symmetry in the naso-maxillary part of the skull to be

constant in the species, and not an individual variety, on wdiat intelligible ground can

such small modification of form and direction in bones, confessedly presenting in all

essential respects the characters of other Ziphii, sustain the imposition of a generic

name ?

The intermediate step, shown by ZipJiius Arnouxii, in the development of the parts

of the maxillaries (fig. 11, e, e), which forms, perhaps, in its extreme degree, the best reason

for accepting Hyperoodon as a nominal indication of the species of Ziphioids with such

fully developed processes, is significant of the derivative bond uniting all the Ziphioid

family.
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Fig. 12 represents the skull of a Ziphius^ stranded near Havre, at the mouth of the

Seine, which is said by Suriray to have shown four

parallel longitudinal furrows in the skin of the throat,

about half an inch deep.

It would be well to look for this structure in other

recently stranded Ziphil: It may be a distinctive

chiiracter, but would then be cutaneous and specitic

—

nothing more.

Compared with Ziphius Sowerbii, Z. micropterus is

longer and more slender. The base of the premaxillary

(22') shows the infundibular expansion of the begin-

ning of the naso-preniaxillary canal {d) (as in Ziphius

planirosiris, Cuv.).'*

The rostral parts of the premaxillaries are separate

above, the ossitication of the prefrontal gristle not ex-

tending beyond the part marked 14, in advance of

which is exposed, as usual, the deeply situated cana-

liculate surface of the vomer which su])ported the

cartilage.

The maxillaries (21) show one large (6) and several

small nervo-vascular outlets [a—c] and the lateral ridge (e).

' This skull, ascribed to a genus Delphinorhynchus, is described

as the type of the Delphinidce in the ' Histoire Naturelle des

Cetaces' of Fr. Cuvier, 8vo, p. 7.t et scq.

2 Dr. Gray ascribes to the Ziphius [Belphinorfnjnclms) micro-

pterus stranded at Ostend in 183;") the character of " tliroat with

four parallel slits beneath " ('Catalogue of Seals and Whales,' 8vo,

1866, p. 3.'i2)
; but I do not find this noticed in the memoir by

Dumortier, 'Memoires de rAcadeniie Royale de Brnxflles,' tome

xii, containing the only description of this recent Ziphius with which

I am acquainted. The incidents ascribed by Gray to "the female

caught at Havre, on the 22nd August, 182S " (' Catal. of Seals and

Whales,' p. 3.')2), are suspiciously like those narrated by Dumortier

of his Ostend specimen :
—" Sa longueur totale, depuis I'exiremite du

museau jusqu'a celle de la queue, dtait 3 metres 4.5 centimetres, ou

environ 1 1 pieds." " Le Delphinorliynque d'Ostende fut conserve'

vivant hors de I'eau pendant deux jours, mais sans rien voiiloir manger.

En vain voulut on lui offrir du pain humecte et d'autres substances

alimentaires, il les refiisa constammcnt. Souvent il poussait de forts

nuigissements," &c.—Dumortier, loc. cit., pp. 5 and 6.

Ziphitis micropierus. ^ " L'entr6 d'un canal, Icgerement creusee cu entonnoir."—

{Mesodiodon microjilerum, Duv.) Cuv., ' Oss, Foss.,' p. 58.
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The sex of this individual is not noted ; it differs from Sowerby's species (a

13) in the much smaller size of the mandibular pair

of teeth, which are similarly situated ; but the speci-

men was rather larger. The smallness of the dorsal

fin in both is indicated by the term ' micropterus'

applied to the Havre Ziphial. This character

may be more widely or generally manifested in the

genus Ziphius}

In the Anatomical Museum of Christchurch,

Oxford, is preserved the portion of skull (fig. 14) of

the species of Ziphius on which Sowerby founded

his Fhyseter bidens, with a clear apprehension of

its close and intimate affinities to the Cachalots.

The specimen had been stranded on the west of

Scotland (Elginshire ?). In the skull of this species,

as in Ziphius cavirostris, Cuv., the premaxillaries

(22) are separated from each other above for nearly

the whole length of the rostrum, exposing (at 13)

the upper canaliculate surface of the vomer, but

including the proportion of the prefrontals which

have been ossified into a dense convex tract at 14.

The departure from symmetry in the naso-maxil-

lary part of the skull is rather greater than in

Ziphius Arnouxii, rather less than in Z. Layardi.

' See, e.g., Dumortier, loc. cit., plate i, and the figure of

Ziphius {Ziphiorhynchus) patachonicus in Burnieister's ex-

cellent 'Anales del Museo Publico de Buenos Ayres,' 4to,

entrega quinta, 1868, pi. xv. On the 26th of May I was

favoured by William Anukews, Esq., M.R.I. A., with a copy

of his Memoir, from vol. xxiv (1869) of the 'Trans, of the

Royal Irish Academy,' on Ziphius Sowerbii, " cast ashore in

Brandon Bay, County of Kerry," Ireland. The specirjien,

like that found on the Elginshire coast, was a male ; it " was

about fifteen feet in length " (p. 7) ; the blow-hole was

crescentic, with the horns turned forward ; the mandibular

tooth entered a notch of a thick padding of fibro-cartilaginous

substance covering the alveolar border of that part of the

upper jaw ; it showed the usual sexual development and

specific position ; the summit of the crown was visible exter-

nally when the mouth was shut. Unfortunately the skin of

the throat, as to the presence or otherwise of folds, and the

fins, as to proportion, form, and position, were not subjects

of observation.

male, fig.

Ziphius Soiuerbii.

Physeter bidens, Sow.

{Mesodiodon Sowerbii, Duv.)

(Dioplodon Sowerbiensis, Gervais.)

{Diodon Sowerbii, Jardine and Bell.)

{Mesoplodon Sowerbiensis, Gervais.)

5
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Prof. Van Beneden figures

Fir.. 14.

Zijjhiu.1 demirostris.

Mesodiodon densirosire, Duv.^

a mandible of Ziphius Sowerbii^ after a pliotoj^raph

of tlie original in the Museum of Cliristiania, trans-

mitted to him by Prof. Boeck. The teeth are small,

and situated a little nearer the hind part of the

symphysis than in the Havre specimen (fig. 12),

but it may well be a mere individual variety. The

specimen was found on the coast of Norway, the sex

unknown—may be inferred to have been female from

the size of the teeth in the male, fig. 13, from our

own coast, and as contrasted with the size of the teeth

in the female specimen stranded at Ostend, and de-

scribed by M. B. Dumortier.^

Of the Cetacean representing the Memdiodon

densirostris of Duvernoy, the sex is unknown ; the

skeleton was sent by M. Leduc from the Sechelles

Islands to the Garden of Plants, Paris, in 1839; it

was most probaljly a male, showing a greater relative

size of the developed pair of mandibular teeth than in

Ziphius Soioerbii, with concomitant depth of the part

of the jaw supporting them, chiefly due to growth of

the alveolar border. But all this testifies to no more

than specific value, if, indeed, it truly means that.

The position of the teeth, more remote from the sym-

physis, tells better for specific distinction than their size.

A further degree of departure from symmetry

than in Ziphius Soicerbii and Z. m'lcropterus is mani-

fested in the naso-maxillary region (fig. 14, 22')-

The prefrontal (14) is ossified throughout its rostral

extent, forming the summit of the ridge, a form which

the compression and upward convergence of the pre-

maxillaries (22) give to the upper surface of the ros-

^ "Note sur un Mesoplodon Sowerbiensis de la cote de

Norwege," in 'Bulletins de I'Acad. 11. de Belgique,' t. xxii,

1866. Dr. Gray, in the ' Cetacea of the Erebus and Terror,'

pi. V, figs. 1 and 2, also follows De Blainville (' Nouvelle Diet.

d'Hist. Nat.,' t. ix, p. 1/7) in giving a termination usually

significative of locality

—

"Sowerbiensis;" I retain the common

form, indicative of the individual

—

Sowerbii.

2 ' M^moires de I'Academie Royale de Bruxelles,' 4to, torn,

xii, 1839.

' lb., pi. ii, fig. 4.
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truin. The upper mesial margins of the premaxillaries, toward the end of the rostrum, rise

and converge above the prefrontal as in Zi.p/iius Layardi, to which the present species is

closely allied. The degree to which the end of the prefrontal subsides, the state of con-

fluence therewith of the premaxillaries, and the extent to which they are naturally or actually

apart at the end of the rostrum, can be determined only by inspection of the specimen

itself. The rostrum shows the usual ivory-like or petrosal hardness indicated by the

specific name.^ The under part of the rostrum is convex transversely, and part of the

vomer is there exposed. The antorbital foramen [e) is near the premaxillaries ; the entry

to the premaxillary canals {d) has the usual infundibular shape. Duvernoy approximates

Zip/iius lonprosfris, Cuv., to Mesodiodon densirosfris, because it shows a similar ossification

of the prefrontals (which he calls 'vomer') along the upper mid-line of the rostrum.

But we see, as in Ziphius indicus (fig. 8), that this condition may be associated with

a comparatively short and thick rostrum.

The Mesoplodo7i of Gervais is the Mesodiodon of Duvernoy. I may add that, at

p. 60 of his Memoir (loe. cit.), Duvernoy cites, as one of the generic characters of

Mesodiodon—" Les intermaxillaires, elargis a la base du rostre ont le trou, en entonnoir

que distinguent les especes de ce genre but on this ground Clioneziphius must be trans-

ferred to Mesodiodon. In truth, however, the funnel-like expansion into which the

premaxillary foramina (</) open characterises, with a certain range of variety, the Ziphials

generally.

Choneziphius, Duvernoy.—Of Cuvier's Ziphius planirosfris Duvernoy makes his

genus Choneziphius, acknowledging, however, that the premaxillaries " sont creuses d'une

cavite en forme d'entonnoir" (p. 61, as, indeed, Cuvier had expressly pointed out),

which character Duvernoy had previously made a distinction of the species of his genus

Mesodiodon, which includes, apparently, on that account, Cuvier's Ziphius longirostris.

The dense petrous ossification of the mid upper tract of the rostrum, due to the

prefrontals, Duvernoy attributes to the 'premaxillaries' (p. 61), as in Ziphius longirostris

he ascribes it to the 'vomer' (p. 60).

Placoziphius, Van Beneden.^—This genus is represented by a fragment including the

base of a fossil rostrum discovered by Colonel Le Hon in an old deposit (' le crag noir"

or stage of the Neozoic series, at Edeghem, near Antwerp. In the breadth and superior

flatness of the preserved back part of the maxillaries this fossil resembles Ziphius planirosiris

and Z. planus. The prefrontal cartilage has not been ossified
;
consequently there is, as in

Ziphius Sowerbii, fig. 13, and Z. Arnouxii, fig. 11, a vacant channel ("le canal vomerien,"

V. Ben.) between the premaxillaries, the bottom of which canal is formed by the superior

vomerine groove. The expanded prenasal parts of the premaxillaries show the foramina

' Originally imposed on it by De Blainville.

2 Van Beneden, " Sur un Nouveau Genre de Ziphioide fossile (Placoziphius)," in ' Memoires de

i'Academle Royale des Sciences, &c., de Belgique,' tome xxxvii, 1866.
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answering to those marked d, in tlie illustrations of this Monograph {Ziphius Lai/arcJi,

PI. I, fig. 2, d, ct passim), opening or commencing, as usual in ZiphuH, at the fore end or

apex of an infundibular cavity. The right premaxillary is unsynnnetrically expanded in

the narial region. The maxillaries are too much mutilated to show the position of the

antorbital foramina {h, b, in the figures of the present Monograph), but the outer margin

of the maxillaries is grooved, as usual, by " un sillon tres-marque," answering to e, g, of

the same figures.

The vomer puts in a carinate appearance on the palate, nearer the palatine bones than

in ZipJiius Layardi ; but this is a difference of barely specific value when unassociated with

better characters. The constituent bones of the fossil fragment of rostrum described and

figured by Prof. Van Beneden (op. cit.) appear to have been in some degree separated

from each other, indicative, like the separate state of the atlas, of the nonage of the indi-

vidual. How far the non-ossification of the prefrontal cartilage may bear the same inter-

pretation may be questioned.

The rostrum is restored (pi. i, fig. 1, vol. cit.) by continuing forward the lateral

contours of the maxillary parts of the preserved base of the snout with the same degree

of convergence to the problematical end, which, of course, makes the snout abnormally

short for a Ziphioid. One sees, however, how deceptive such basis of restoration may be,

by continuing, in like manner, the lateral contours of the expanded parts of the maxilla-

ries forming the base of the prolonged rostrum in most of the Zlphii figvned in the present

Monograph.

This at least may be safely affirmed, that it is somewhat premature to propose a new

genus of Cetacean on the fragmentary and decomposed fossil representing the Placo-

zip/iius Duhoisii of Van Beneden.

ZiPHiopsis, Du Bus.—The first character assigned to this genus ^ raises the question

whether ' proportionate length of rostrum' be available for generic distinction. The inade-

quacy, to that end, of ' direction of rostrum,' in view of the slight deviations from straight-

ncss hitherto observed in recent and fossil Ziphioids, has already been mooted. I note,

also, that examples cited of the genus Ziphiopsis do not give the length of the rostrum.

Z. phymatodes, e. g., is represented by a fossil rostrum with the end broken off'.^

If the end of the rostrum of Ziphius Layardi, e. g. (PI. I, fig. 3), were broken off

anterior to the vomer (13), it might seem to have had one of but moderate length.

1 " Rostre de moj'enne longueur, droit, a peu pr^s aussi liant que large. Ma.xillaircs superieurs tres-

epais. Canal vomerien petit. Incisifs nicdiocrement developpes, a. bords internes soudes ensemble dans

toute leur partic rostrale, depuis la fosse prenasale jusqu'a la pointe."
—

' Bulletin de I'Academie Royale des

Sciences, &c., de Belgique,' torn, xxv, p. 628.

* " Le vomer apparait a la surface palatine, vers le milieu de la longueur du museau, et disparait vers

son extremite', entre les orifices auterieures des canaux palatins. Un peu au dela la pii-ce est brisee."

—

p. 628. A second specimen is only un peu plus complet."—lb. My experience warns against inferring

the length of the rostrum in a Ziphius in a specimen not havibg that part entire.



OF THE RED CRAG. a?

As to the character of interconfluence of the premaxillaries at the region of the pre-

nasal fossa, it may be permitted to doubt whether an intervening ossific production of the

prefrontals, as at i4, PL I, fig. 2, PI. IV, tig. 3, and in woodcut, fig. 13, 14, has not

been so interpreted.

Of the second representative of ZipUopsis {Z. servatus) the author knows but a

single fragment of rostrum ' presque entier a sa pointe' (1. c, p. 629), and broken ofF in

front of the prenasal fossa ; it shows the same palatal portion of vomer as in Ziphius

Layardi.

Rhinostodes, Bu Bus}—This genus is founded on a less compact or spongy texture

of the fossil bones forming the mid-part of a much mutilated rostrum.

ZiPHiROSTRUM, V. Ben.-—In this genus the rostrum is straight, or bent slightly

upward at the point. The maxillaries are more or less thick. The premaxillaries

(' incisifs') are confluent along their inner borders at the mid-part of the rostrum, but

distinct at the point. The vomerine canal is open ; i. e. the premaxillaries are distinct

or apart at their upper borders, the interspace not being occupied by an ossified prefrontal

cartilage.

It is well that the direction of the rostrum is not seized as a generic character.

Whether the degree of ossification of the prefrontal gristle be more entitled to serve as

such is questionable. In some Z'tphirostra the vomer appears as part of the palate, and,

as usual, " an pen en avant du point occupe par I'extremite anterieure des palatins" (loc.

cit., p. 624, Ziphirosirmn marginatum, Du B.) ; and " dans le tiers moyen de la longueur

de celui-ci" (ib., p. 623, in ZipJtirostruin Turninense).

As to the confluence of the inner (mesial) borders of the premaxillaries, this, which

first affects their lower margins, is an affair of age and a matter of degree, in fossil

Ziphioids difficult to determine with any degree of certitude.

Aporotus, Du Bus.—This genus^ has the same characters as ZipJiirostrum, save that

the inner borders of the premaxillaries in their rostral extent remain applied to one another

without ever (?) becoming confluent.

1 "Rhinostodes Antwerpiensis, Du Bus. II n'existe au M usee qu'un seul fragment de tete de cet

animal; c'est la partie moyenne d'un rostre extremenient mutile." p. 629.—Recent Ziphii, as well as fossil

ones, exhibit degrees of difference in the density of the tissue of the bones forming the rostrum. The

prefrontal production appears to have been ossified in the portion of rostrum representing the genus

Rhinostodes, Du B.

- " Genre Ziphirostrum, Van Beneden. Rostre droit ou legerement releve vers la pointe. Maxillaires

plus au moins epais. Incisifs sondes ensemble par leur bords internes, dans la partie moyenne du museau,

mais separe a la pointe. Canal vomerien ouvert,"—" Sur differents Ziphiides nouveaux du crag d'An vers,"

par M. le Vicomte Du Bus (' Bulletin de TAcademie Royale des Sciences de Belgique,' 2e serie, tome

XXV, 18G8).

^ " Le genre Aporotus a les memes caracteres que le genre Ziphirostrum, sauf que les bords internes des

incisifs, dans leur partie rostrale, restent appliques I'un centre I'autre et ne sont jamais sondes ensemble."

Loc. cit., p. 626.
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The confluence or otherwise of borders in contact, even if known with certainty to be

unaffected by the age of the individual, is not admissible as a generic character. Vte. Du Bus

exeinphfies his nominal genus exclusively by fossil rostrums. In some of the Ziphii

associated under this head the vomer appears on the palate {Aporoius recurviros(ris), in

others not {/Ip. affinis).

ZiPHioRHYNCHUS.

—

Ziphiorijnckus, Burmeister,^ founded on a I&iw^q Ziphius stranded

on the shore at Buenos Ayres, with a rostrum resembling in premaxillary and prefrontal

modifications that of Zip/iius Gervaisii, rests on the minute and concealed germs of

teeth^ for its generic distinction. One (terminal) pair of mandibular teeth are more

developed, but only in the degree characteristic of the female sex. Burmeister has

recorded valuable anatomical observations on this Ziphius ; it accords with Zipltius

{Delphi>io7-i/nchm) micropterui in the small size and position of the dorsal and pectoral

fins, the dorsal being rather further back in Ziphius patachonicus than in Z. niicropferus.

The caudal fin is widely emarginate in both.

Belemnoziphius.—Professor Huxley contributes his mite to this array of names by

proposing the genus Bdemnoziphius for those species in which " the vomer occupies fully

a third of the width of the upper face of the rostrum," the extremity of which " is entire,

not bifid, but sharply pointed, almost like the end of the guard of a Belemnite, the vomer

and premaxillae seeming to coalesce into one solid terminal cone."* Unless the prefrontal

has been mistaken for the vomer, I have not seen any specimen of Ziphius or Ziphioid

Cetacean presenting these characters, and can only remark that they appear to exemplify

rather a phase of anatomical knowledge of the individual than a power of recognising

a genus.

A few words may be permitted, in conclusion, in reference to the first-described

specimens on which our earliest knowledge of Cetacean remains in the Red Crag deposits

was founded.

Dr. Bowerbank or Mr. Charlesworth would be able to say how long, and through how

many hands, the fossil (fig. 226, p. 536, 'British Fossil Mammals,' 1S46) in Mr. John

Brown's (F.G.S., of Stanway) Collection, now in the British Museum, Register No.

27,862, had been passing, without any clue having been caught as to its nature, before the

amorphous unicum came, in 1840, into mine, with permission from the possessor to

slice and aj)ply to it the microscopic test. If the palaeontologist cares to turn to the

1 ' Annals and Maj^. of Nat. Hist.,' 1866, pp. 94 aud 303.

" ' Anales del Museo Publico de Buenos Ayres,' entrega quinta, 4to, 1868, pi. xix, fig. 4
;

pi.

fig. 6.

3 " Memoires sur le Delphinorhx nquc microptere eclioue a Ostende," par B. C. Dumortier (' Memoires

de I'Acadcmie Royale de Bruxelles,' torn, xii, 1839).

* " Proceedings of the Geological Society," May 25 tb, 1864 (' Quarterly Journal of the Society,' vol. xx,

p. 392).
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page above cited, he will be p\izzled to understand the note purporting to afford the

' unde derivatur' of the generic name under which it is there described. The truth is that,

having detected its nature as a tooth, and the affinity in structure to the physeteroid type

of Cetacean teeth, I suspected it might have belonged to one of the ziphial divisions of

P/ii/seterida, and named it in the first instance Ziphiodon, as the note tells, from "Ziphius,

generic name of a fossil Cetacean, and oSouc, a tooth."

Subsequent acquisitions of fossil petrotympanic bones from the same deposit and

locality as those to which Mr. Charlesworth had traced the tooth in question, and some of

the larger of which ' Cetotolites' showed the more simple balaenoid type of form as con-

trasted with the division of the involute convexity into an outer and inner lobe, and the

non-continuation of the overarching wall around the inner end of the cavity, characteristic of

'Cachalots' and Ziphial ear-bones, induced the suspicion that the fossil tooth in question, from

its agreement in size with those balaenoid ear-bones, might appertain to some such species,

more especially as the cetotolites of the Cachalot type from the ' Red Crag' were much

smaller in size
;
and, at the last hour of going to press, I gave this doubt its benefit ;

but omitted to erase from the proof-sheet the note explaining the first imposed generic

name. In this stage of knowledge of detached, fragmentary, and scattered fossils

one can only suggest a guess, nor did I assume to give more, by the light of the

analogies detailed in pp. 340 and 341, than "a dim and distant view of the actual

generic characters of creatures revealed to us by a few fragments of their fossilized skele-

tons, which have been bruised and worn by ages of elemental turmoil.''^

Unremitted attention to the Mammalian fossils of the Red Crag has failed, hitherto

(1868), to add to the grounds for determining the generic nature of the tooth referred by

me, in 1840, to a Ziphiodon, and subsequently, in 1846, to a Balanodon.

It is affirmed by E. Ray Lankester, Esq., in a paper on Crag Mammalia, in 'Quart.

Journal Geological Society' for February 8th, 1865 (p. 231), on the authority of

M. Van Beneden, " that the Balsenodon teeth of the first form (that originally described)

are, without doubt, the teeth of the bident lower jaws of those Ziphioids whose remains

occur with them in the Red Crag."

The reception of the evidence, when the experienced Cetologist of Louvain may have

the leisure to publish it, proving beyond doubt that the tooth in question belongs to a

Zipliius of the Red Crag, will be most acceptable. In the meanwhile, however, I cannot

help resting in the same state of uncertainty, oscillating, as it were, between ZipJiiodon

'

and Balanodon, as from the years 1840 to 1868. And I have the greater difficulty in

extricating myself from this expectant state of mind, because of the number of distinct

species of Ziphii which, in that interval of time, I have been able, I trust, to define to

the satisfaction of pala30cetologists. When M. Van Beneden's demonstrations reach us,

we shall know to which of the species (or Grayan genera) of British Red Crag Ziphials

the tooth of Balanodon belongs.

1 Op. cit., p. 541.
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There is a vagueness, unfortunately, in Mr. Ray Lankester's announcement of

M. Van Beneden's discovery that of itself begets hesitation. Mr. Brown's old fossil cannot

be one of the " teeth of the bident lower jaws of ' all ' these Ziphioids wliose remains occur

with them in the Red Crag." At least, the analogy of the range of variety in size, shape,

direction, and position, of the teeth in the bident lower jaws of existing species (genera) of

Ziphials would lead us to infer something of the same kind in the fossil species (genera).

Then, again, recurs the undoubted fact that Cetacea of another family, so far as cctotolite

cliaracters teach, have also left their remains in our Red Crag.

When M. Van Beneden adduces as an argument, removing all doubt of the

l)elonging of a Balocnodon tooth to the Red Crag Zipkii, that it " occurs with them in the

Red Crag," does he mean to say, as his reporter would have us to understand, that they

are so associated in closer and more demonstrative relation with the unquestionable snouts

of Ziphii than they are with the unquestionable ear-bones of Balfenoids ? I have not,

as yet, obtained the requisite evidence of the fact, and I may aver to have had as much

personal experience in exploring and cellecting from Red Crag localities as either M. Van

Beneden or Mr. Ray Lankester.

Again, the latter affirms, on M. Van Beneden's authority, wqth respect to the

second kind of cetacean Red Crag teeth, " more elongate and with an emarginate nipple-

like crown of enamel," that they are, without doubt, the teeth of a species of Squalodon}

The grounds that lead me still to entertain doubts on this point are given at page 26,

in connection with comparisons with a recent Ziphial tooth (see PI. I, 6gs. 4 and 5)

having unquestionably the character above cited ; and I may add that, of the truly cha-

racteristic and most numerous compressed, two-fanged, serrated teeth of ZeugJodon (=

Squalodon, V. B.), I have not as yet seen any specimen from our English Red Crag

deposits. No doubt it is a telling, as it is a sweeping, conclusion from the on dit of the

experienced and accomplished Louvain cetologist that ' Balanodon pJiysalo'ides ' must be

" removed from the list of our British fossil Mammals —but it is not science.

1 'Quart. Journ. Geol. Soc.,' 1865, p. 231.





PLATE I.

Ziphius Layardi.

Fig.

1. Side view of skull.

2. Upper view of ditto.

3. Under view of rostrum, with section of ditto at *, in outline.

4. Side view of mandible (parts broken restored in outline).

These jSgures are l-6th nat. size.

5. Summit of developed mandibular tooth, showing enamelled crown or portion,

nat. size.

6. Transverse section of mandibular tooth, nat. size.

A recent species, from the Cape of Good Hope.

[The letters and figures are explained in the text.]
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PLATE II.

Ziphius planus.

Fig.

1. Upper view of basal part of rostrum.

Zijihiiis gihbm.

2. Upper view of rostrum, wanting the extremity.

2*. Outline of transverse section of rostrum at the part marked * in tig. 2.

Fossils, from the Red Crag of Suffolk. In the British Museum.









PLATE III.

Ziphius anyustus.

Fig.

1. Side view of basal portion of rostrum.

2. I'pper view of ditto.

2*. Outline of transverse section of ditto at the part marked * in fig. 2.

Ziphius gibbm.

Side view of basal portion of rostrum,

.'i*. Outline of transverse section at the part marked * in tig. 3 (upside down).

Fossils, from the Red Crag of Suffolk. In the British Museum.









PLATE IV.

Ziphius angulatus.

Fig.

1. Upper view of rostrum, wanting the end.

2. Side view of ditto.

2*.Outline of transverse section at the part marked * in fig. 1.

Ziphius medilineatus.

3. Upper view of rostrum, wanting the end.

;i*.OutUne of transverse section of ditto at the part marked * in tig. 3.

Fossils, from the Red Crag of Suffolk. In the British Museum.









PLATE V.

Ziphim tenuirostris.

Fig.

1. Side view of rostrum, wanting the end.

2. Upper view of ditto.

2*. Outline of transverse section of ditto at the part marked * ni figs. 1

and 2.

Uphills coinpremia.

3. Side view of rostrum, wanting the end.

3*. Outline of transverse section of ditto at the part marked * in hg. 3.

Fossils, from the Red Crag of Suffolk. Ill the British Museum.
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